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A • Q~!Q!!.!! 

- I -

The implementation of this 1Jroject has re5ul led in overall 
strengthening and upgrading of the R & D capability of Royal 

Drugs Hesearch Lahoratory as also in specific hard R & D 
outputs. 

1 • ~-!_Q_§!!:~9!h~nifill_ 

The more significant of the facilities created and strength
ened by this project are: 

o A modern Pilot Plant labo£atory, having multipurpose 
units for processing of plants for preparation/production 
of variety of n<itural products 

o Animal House 

o Biological screening Pro9ramme 

o Instrumentation Section 

o Glass Blowing Section 

o Economic Happing P1ogramme 

o Up grading of the Drug Quality Contrc! Testing & Essential 
Oil Screening Proqraw.me. 

2. Establishing coordination with agencies likely to use the 

outputs of RDRL, such as Herbs Production & Processing 
Laboratory, Royal Drugs Ltd. and Singh Durbar Vaidya Khana. 

3. B.eorganisation of HDRL to project based f:inctioning of the 
R & D programmes. 

4 • !L!.JL2~!E~!!.: 

a· f!2£!!!!.!LEE2~ill-!!!:£!s!Ll!~~!f!!!!SL!S?_~~!!I.! 
0 Sugandhakokila essential oil 

0 Lichen resinoids 

0 Formulations 

- Deep Heat Cream 

- Anticold Antirheumatlc 011 

- Hhubarb Laxative 

... / ... 
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b. ~!~~~~~roducts_!!~~!I to be co~~!~!!~!~-~£~ 

o Acrus calamus essential oil 

o Diosgenin from Oiascorea deltoidea 
o Eucalyptus (cineole type) essential oil 

o Sugandhakokila fixed oil 
o Modernised process for Shilojeet 

c. Development of Pharmacognostic Standards for plants 

use in Ayurvedic drugs. 

Vol. 1. 

Vol. 2. 

Vol. 3. 

Covering 20 plants, already issued 
Covering 20 plants, under print 
Covering 20 plants, manuscript ready. 

o. Economic mapping of 94 economically important medicinal 
and a~omatic plants in parts of 19 districts has been 
completed and 7 reports prepared. These reports have 
shown new sources for some economically important plent.~. 

B. !!!~Q~£!!.Y! 

o Through this project unique nucleus & infra-structure 
base has been built at RDRL for R & Din the area of 
Drugs and Pharmaceuticals which can be used for 
achieving self-reliance in this area in Nepal. 

o The project has the right perspective & the programmes 

are moving in the right direction. 

o This is now the challenge to the senior staff of RDRL; 
to maintain the momentum and direction, to develop 
self-confidence and provide the leadership, because 
ultimately there ia no substitute for local hard effort 
to develop self relian~P; RORL, however, will need 
financial support for some time to maintain t.he temps 

of v1ork. 

o UNIOO, therefore, must not abruptly withdraw the support 
and should provide a phasi nq out g .• :ant. for two year!., 

of S 125000 & S 100000 respectively, for specified 
task~/projects and very selective study tour & training 

programme which will givP. time for RURL to develop 

links & other sources of funds. 
. .. I .. . 
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C. The instrumentation, and animal house facilities ( and glass 
blowing facilities when fully operational) established at 

RlltL can s~rve as National facilities as these facilities 

would be needed by many institutions in Nepal and are not 
available in any other Institution. H.M.G. should consider 
this suggP.stion and draw up a suitable m•?chanism of doing 

this; 

D. The Pilot Plant Laboratory would provide a unique facility 

for upscaling and semi-comi•!ercial production and should 

also be used as a National facility. 
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1. INl'KOOUCTIOH 

Nepal abounds in flora on account of th~ immensa diver
sity of geographical terrains and climatic conditions availa
ble from hilly Alpine to Temperate and Sub-Tropical and even 
Tropical zones, and it is estimated that about 7000 species 
of higher plants are found in Nepal. Thus a large number of 
plants of established medicinal- and aromatic value grew 
spontaneously in Nepal, and many plants of economic and 
medicinal value which do not grow spontaneously can be intro
duced and cultivated on account of the salubrious climate 
conditiors offer~d by Nepal. 

1 • 1 ~£!9!!!!!!!~!. 

In Nepal, t~ere is a very old tradition for the use of 
plants as medicines, both as a part of the Ayurvedic system 
and as folk remedies, and at a rough estimate about 80 % of 
the population uses these remedies, and it is likely to 
continue to do so for a long time to co~. 

A large majority of the population of Nepal (over 90 %) 
lives in rural areas and depends for its livelihood on 
agriculture, horticulture or forest produce. Nepal has 
traditionally been a great suoplier of medicinal and aro
matic plants. If these plants could be processed within 
Nepal it would greatly add to the economic status of the 
rural population, and also earn greater f orei•;n exchange, 
and cutdown on import of finished products. Development and 
utilization of plants resources has thus a special relevance 
for Nepal. To promote this activity in the broadest sense 
HMG of Nepal set up the Department of Medicinal Plants as a 
part of the Ministry of Forests and Soil Conservation. The 
Royal Drug Research Laboratory (RDRL) is the major research 
laboratory of this Department of Medicinal Plants for carrying 
out developmental research on medicinal and aromatic plants • 

. . / .. 
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Plants continue to occupy an important place in thera
peutics inspite of the great increase in the number of 
synthetic drugs and drugs of microbial oriJin, and some 
of the reasons for this are discussed below: 

a. Plants are the only economic sources for a n\hber of 
important and essential drugs which include quinine, quinidine, 
morphine, codeine, papaverine, ergot alkaloids, digoxine, 
vincristine, vinblastine, atropine and related alkaloids, 
~metine, colchicine, sennosides, psylium mucopolysaccharide 
bulk laxative. In addition,plants are an important source 
of some important chemical intermediates needed for pro -
duction, by relay synthesis, of some important drugs, such 
as diosgenin (for Dioscorea sp.) for contraceptive steroids 
and corticoids, tabersonine (from Vocanga africana and V. 
thourasii) for Vincamine and Catharanthine and Vindoline 
from Catharanthus roseus for anticancer dimeric indole 
alkaloids. At a rough estimate 25 % of the modern drugs 
would be, directly or indirectly, of natural products origin. 

b. - Most of the traditional remedies are prepared from 
plants, and usage of traditional remedies in Nepal, as in 
many other developing countries is very wide spread. Although 
exact figures are not available but it is estimated that over 
80 % of the population in Nepal still depend upon these 
remedies. The relevance, role and place of remedies of 
traditional systems of medicine remains somewhat of a con
troversial issue. On the one hand we have the ardent suppor
ters of the traditional medicines who claim that for every 
disease a remedy is available from traditional drugs; on the 
other the protagonists of modern medicine firmly believe that 
the usefulness of these remedies is grossly exaggerated. 
Both these views are extremes and the truth lies somewhere 

.. / .. 
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in the middle. The fact that many of the remedies of 
traditional systems were a part of a system of medicine 
and were introduced through a distinct methodology, quite 
scientific in the context of the tools of the time when 
they were discovered, and have stood the test of centuries 
of use, makes them scientifically of much interest. Chemical 
investigation of traditional remedies in the last two cen
turies, when new tools for scientific investigation become 
available, provided many major drug discoveries, such as 
ephedrine, quinine, emetine, morphine, digitalis glycosides, 
reserpine and tubercurarine, thus fullv validating the 
correctness of e~rlier usage, and more r~cently the antimal
arial artemisin~ne and hypolipidemic gugulsterone ~ave been 
added to this list. And there i~ no reason to believe that 
more such discoveries will not follow if research effort is 
continued. Further these drugs are a part of the socio
cultural millieu, and apart from the rural population who 
by and large perforce depend u~on them, even in the most 
affluent parts of the society of these countries tradi
tional remedies arc used fo~ common ailments. So why not 
make a scientific and rational use of this vast resource. 
This is the scientific aspect of the need for inyestigation 
of traditional remedies. As at least 80 ~ of the population 
of Nepal still uses them, their tota: turnover, although 
difficult to quantify, w~uld in economic value be near to 
that of modern drugs. The preparation of these remedies 
requires large quantities of plants, cultivated or collected 
and drugs prepared locally which provide employment and 
economic benefit to a large number of local rural people. 
These are the economic dimension of this issue. So the sci
entific and economic aspects of the use of traditional 
remedies are important issue and cannot be over-looked • 

. . / .. 
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There is a growing appreciation of these issues by the coun
tries using these remedies, by some of the developed countries 
and the International agencies, such as the W.H.O., and there 

is a greater focus now for making use of the traditional 

remedies in medicare programme, particularly for primary 

health care. 

c. Investigation of plants and traditjonal remedies has led 

not only to the discovery of new drugs, but, what is more 
important, these structures in turn have provided useful 
leads for molecular modification for discovery of new drugs, 
and modern drug research has drawn heavily on such leads 
obtained from investigation of plants anci traditional reme
dies; some of the well known examples in this context are 
the discovery of aspirin based on salicin, second generation 
of analgesics and narcotic antagonists based on morphine, 
antimalarial plasmochin on quinine, modern local anaesthe
tics on cocaine and more recently the antiasthmatic drug 
cromoglycate on khellin. A global screening programme 
initiated and coordinated by National Cancer Institute, N.I .H, 

Bethesda, U.S.A. has uncovered anticancer activity in a 
variety of entirely novel structures, which apart from the 
possibility of providing anticancer drugs, have provided new 

l~ads for prospective anti-cancer agents. These include 
camptothecin, elephantopin, maytensin and ellipticine. Plants 
continue to provide useful new drugs such as the new anti
malarial artemisinine from Artmesia annua discovered by the 
Chinese scientists, which is active against the chloroquin 
resistant strains of Plasmodiu111 f alcinaram, and gu')ulipid 
discovered by the Indian s~icntl~t& from resin of Commi

R_hora !!!.~ for hyperlipedemia. 

. . I .. 

• 
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d. Plant constituents have also provided useful structures, 
which by chemical modification have led to drugs with impro
ved or new biological activities, such as the anti-ulcer drug 
carbenoxolone obtai_ned from gl ycyrrhetic acid and prolactin 
inhibitor bromocryptine from ergot alkaloids. 

e. Plants are a renewable resource, and can be made 
abundantly available. 

f. Concern with pollution caused by chemical industry 
makes phytochemical industry an attractive alternative. 

g. The long term toxicity of drugs of 5ynthetic origin, 

which most of ten Hear no resemblance to natural products, 

and thus are not on the evolutionary pathway, may arise out 
of the inability of hunan boc'y to handle/detoxify them. 

\'/hile drugs of natural origin would in general be capable 
of being handled by the human system anrl thus are likely to 
be less toxic, and particularly preferable to synthetic 
drugs, if found equally effective. 

h. As most of the plants needed for manufacturing tra
ditional remedies are commonly <_Jrowin<J plants, and the 
manufacturing process is rather simple, drugs of tradi
tional system are likely to be cheaper than modern drugs. 

Plants thus provide a very useful resour~e material for: 

(i) production of drugs/chemicals of accepted economic value; 
(ii) discovery of new drugs; 

(iii) production of drugs of traditional systems of medicine. 

Viewed in this context the present project, whose primary 
purpose ls to facilitate and promote the use of Nepalese plants 
and Nepal Traditional remedies, offers considerable scope and 
has both scientific and economic merit in it • 

. . / .. 
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The present project has as its main objective the streng
thening the research and development capabilities of the RDRL, 

and was approved by UN>P/Ui-lIDO in December 1981. 

2 ... Objective of the Project 

There is special importance and relevance in promoting 
the utilization of plant resources for economic & industrial 
development of Nepal and for strengthening of the a & D capa
bility of Royal Drugs Research Laboratory as: 

A large number of plants of established industrial/ 
economic (particularly m~dicinal & aromatic) value 
grow spontaneously in Nepal or can be introduced and 
cultivated on account of the prevailing salubrious 
climatic conditions; 

There was practically no industrial productions of 
phytochemicals or modern medicinal products from these 
plants when the project was initiated; 

Ayurvedic drugs based mainly on plants are a part of 
th~ socio-cultural and health care traditions of Nepal 
& arP. still used by about 80 % of the local population; 

Royal Drug Research Laboratory of the Department of 
Medicinal Plants of the Ministry ·f Forests & Soil Con
servation was established for ca1_yin9 out developmental 
research on medicinal & aromatic plants with the fol~)
wing main aims and objectives: 

.. / .. 
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a. Promotion of drug research; (b) development of technology 
f~r production of plant products; {c) developing standards & 
carrying out quality control of drugs and allied materials 
for Department of Drug Administration {DOA) of tepal; {d) pro
viding technical guidance for establishing drug industries in 
t.lepal; (e) helping in the better utilization of Ayurvectic drugs. 

In view of the central position occupied by Ra\L in the 
development and transfer of technology for production of plant 
products in Nepal and in keeping with the Ul«OO's objectives 
of promoting the utilization of pl~nt resources and helping 
induslri~l production; urnoo approved this project princi
pally for institutional stren~thening of RDRL to enhance 
its R & D capability to: 

1. promoting industrial production in Nepal by develop
ing technology for products of established economic 
value based on plants available by spontaneous groYJth 
and or by cultivation; 

2. promoting ttae utilization of Ayurvedic Drugs; 

3. developing drugs to be used in modern medicine from 
Ayurvedic drugs or plants grovnng in the wild in Nepal; 

4. strengthening the quality control testing capability; 

The !~~!!!! E!2i~£! obj!£!!.!!! ~!~! 

1. Enhancing R ~ D and pilot plant production capability 
of RDRL for processing of plants; 

2. Developing production technology for products of 
estahli shed economic value bas1•d on plants available from 
the wild or by cultivation; 

3. Developing quality control standards for Ayurvedic 
drugs particularly for those that are used in the primary 
health care progranmcs. Thi-> will include d'!·1elo~in9 pro

cedures for quality control and modernising methods of pro
duction where pO~$ible; 

.. I .. 
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4. Developing formulations hased on Ayurvedic dru9s 

for u~e in modern therapeutics; 

5. Screening of plants growing in Nepal for essential 

oil content. 

6. Carrying out biological screening of plants collected 

from different ilarts of Nepal for devl?lopment of new drugs; 

1. Strengthen the Royal Drug Research Laboratory to 
serve more effectively as the public analyst laboratory for 
herbs and related products & for quality control testing for 

Drug Administration in Nepal. 

a. Carrying out economic mapping of plants of establish
ed economic value and to estahli~h c~re of trained staff who 
could continue this work on a long term basis; 

9. Establish organic linkages for greeter co-ordination 
of activities of ROHL and other institutions which rely on 

its outputs. 

3 • 2'!.!E!! ts 

A•!!!!!!tu!!2n!! §!!:~9!h!!l!!!9 2f !illfil: 
A.1.~ ~ Q £~~~~!!i!I §tr~Qg!h~D!~g-

There has been a considerable overall strengthening and 
upgrading of the R & D capability of the Roval Drugs Research 
Laboratory as a result of the implementation of this project 

(Annex - 1 & 2 ). 

Among the specific objectives set to be achieved as a 
result of this strengthening ROHL, the progress has been as 

follow: 

a. The drugs and essential oils quality control testing 
capability of the noRL has been considerably enhanced, and 
it is now serving more effectively as a Public Analyst 

Laboratory for herbs, drugs and related products and as the 

.. / .. 



- 9 -

Drug Testing Laboratory f ~r the Department of Drug Adminis
tration; 

b. Th~ analytical and phytochemical facilities in RDRL 
are now at an advanced level, and analysis & isolation of 
chemical constituents of essential oils or of other plant 
constituents can be and is routinely carried out; 

c. A good nucleus of an animal hou~e has been established; 
it will, however, need furtherexpansion to provide adequate 
number of animals for biological screening; 

d. A good start has been made in establishing primary 
biological screening procedures for new drug development, 
certain strengthening in staff and expertise in pharmacologi
cal testing and preclinical toxicological evaluation would 
be needed; 

e. The economic mapping is Nell under way; although it is 
a long term endeavour and needs to be COfl\~leted with patience 
and preserverance, but what is important is that a good core 
staff has be0 n trained in this activity and would be able 
to carry out this work o~ a continuing basis; 

f. The pilot plant at Godavari is now completely installed 
and provides excellent multipurpose unit processing facilities 
not only for processing of medicinal & aromatic plants but 
also for some simple organic synthesis operations; the operations 
have shown some shortc-mings in design of some of the pieces of 
equirm~nt as pointed out by the Expert of Process Technology 
(Annex 4) and need to be rectified; 

g. The laboratory now has the nucleus of a Glass Blowing 
Section which will get fully operational when the equipment 
which ls on order, arrives; the expert is proposed to be 

fielded after the rest of the equipment is received; 

h. The laboratory now has also nucleus of an Instruments 
Maintenance Section with technicians trained abroad as also 
with the expert fielded for on-the-spot training. 
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A.2 !~te~=~!}~ti!!!!!~!}al £2"::'ordi~~!io~ 

As one of the outputs of this project is the dev·~lopment 
of appropriate technologies fo1 the indigenous production of 

industrial products based on Nepal's existing and potential 
resources of medicinal & aromatic plants, Joint Co-ordination 

Cormiittees have been formed and Herb Production & Processing 
Co. Ltd. (HPPCL). Royal Drugs Ltd. (RDL) and Singh Durbdr 

Vaidya Khana (SOVK) as these organisations are likely to 

undertake industria' productions based on technologies 
developed by RDRL (RDRL's output would be their input). 
This should lead to joint identification of the projects, and 
mutual consultation and raonitoring of the progress, which 
would lc~d to better utilisation of R & D outputs. For each 
specific task, separate Task Fcrce Committees have been 
fonned with a Convener, who would convP.n~ the meetings and 
keep record of all the mPetinr1s and monitor the progress. 
It was decided that the JCC's would m~et every 2nd month 
and the proceeding~ of each meeting would be minuted and 
circulated to the members for follow-up action which the 
Task Force Committees would meet more frequently. A record 
of Joint Co-ordinatic.n Convnittee meetin9s held is given 
as Annex - 5. 

A.3 f~j!.£! ~!!~ Qe!!!!!~~ ~! ~ ~ Q ~~!! ~! a~~ 
With a view to sha.rpen the mul tidesciplinary focus of 

R & D work, to make optimal use of the available resources 
and scientific staff and to time-4chedule the work, project 
based working has been introduced for RDRL research & develop
ment ¥/Ork. There are about twenty on-going projects in the 
laboratory at the present clnd all the scientific & technical 
staff is allott~d to one or more of these projects. Each 
project has a Task Force, d1awing in scientists from differ
ent desciplines with a Convener. The fask Forces are required 
to meet at least once a month to review & monitor the progress 

.. / .. 
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of work and plan future work. All the project group conven
ers form the Proiect Evaluation Cell with D-G as the Chair
man which meets at frequent intervals to review and monitor 
the entire work of RDRL, and also to approve any new project 
to be started. 

A.4 Scientific Seminars & Lectures -- -- ----- - --
One measure of the scientific vitality and strength of 

a research laboratory is ~he frequency at which scientific 
meetings and seminars are held. RDRL has now a regular 
Lectures and Seminars programme which helps to keep the 
scientists excited & abreast of recent developments and 
the various seminars & lectures held are given in Annex - a. 

A.5 f!:!·Y· £!29!!!!!1.!!~ 

RDRL and its associated institutions are amongst the 
best staffed and equipped lahoratories in tEpal and could 

serve as centres for post-gr~duate trainin~. It is ho~~d 
that Tribhuva;-i University 'T.U.) will recognise HOHL as a 

centre for post-graduate research and for senior staff of 
RDRL to act as supervisors. This will greatly add to the 
scientific strength of HDRL; a student population ah·:lys 
add to the vigour and dynamism of a laboratory. T.U. will 

bene1it by its stun~nts getting ~ood post-graduate traininq 
in a well equipped laboratory. A formalised academic relation 
between T.U. and DMP/1-NG will greatly enhance the post
graduate training facilities in Nepal. 
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B. R & 0 OOTPUTS 

Project No.l To develop process technology on pilot scale for 
production of diosgenin from Dioscorea deltoidea. 

1.1 Background• 

Dioscorea deltoidea. known in Nepali as Vyakur. is a 

clilllber belonging to the falllily Dioscoreaceae. It is distributed 

between 900M - 3000M throughout Nepal. These tubers are 

valuable source for the production of dicsgenin which is tt? 

raw material for production of many steroidal drugs such as 

corticosteroids, sex hormon2s etc. With a viev to initiate 

the establishment of an indigenous steroid industry. the 

production of diosgenin seemed a very usefuJ starting point. 

Survey analysis of dioscorea tubers harvested from differP.nt 

localities showed the diosgenin content varied from belov 

1 % to above 7 % depending upon the age and localities of 

collection of the tubers. The availabilities of the tubers 

could not be assessed conclusively. 

Nork vas also conducted on the conversion of diosgenin 

Lo various steroid drug intermediates. It was possible to 

convert diosgenin to 16 - DPA on a scale of 100 gms dios

genin vith a yield of about 50 %. Similarly conversion of 
16 - DPA to DHA has also been r.arried on a laboratory scale. 

Upscaling vill be carried out subject to the availability 

of large quantity of diosgenin. 

1.2 Objectives 

Development of process for production of diosgenin 

from o. deltoidea tubers. 
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On the ablve context. it. vas considered necessary to 

develop the complet.e technology for f"xtraction of diosgenin 

from dioscorea tubers and trasfer it to an entrepreneur 

for its potential industrial exploitation. The diosgenin 

that vould be produced can either be used in home steroids 

industry or exported. 

1.3 Work done 

Optimisation studies of the two steps in isolation 

of diosgenin from the tubers. vi~. (A) acid hydrolysis of 

the plant material and (B) solvent extraction of the 

hydrolysed plant materials were carried out. 

A. Hydrolysis. 

ie plant material was first soaked overnight in water 
and disintegrated. This was boil~d wader reflux with 10 times 
(w/v) of 2.5 N sulphuric acid for tvo and half hours in 

15 kg batch size in a haste alloy reactor. The time of 

hydrolysis and the ratio of acid was determined earlier by 

bench scale study. The ratio was successfully cut dovn to 

1.5. Four batches were conducted using 30 kg of tubers. The 

yield ~f the hydrolysed mass was 30-35 % containing 

8.5-10 % dioso,..,,in starting from a plant material containinq 

2.7 to 3.5 % uiosqenin. 

Recycling of the acid remaining in the filtrate after 
hydrolysis vas also investigated. Analysis shoved it to 
be 50 % weaker than the starting concentration. This was 

made up by addition of fresh acid. This could be done for 3 

cycles when the filtrate became too dark. T1'is contained 

many impurities which affect·Ctd the ultimate purity of the 

product. In view of this and the fact that the acid 

contributes a relatively small percentage to the total cost 

of the product it was considered better to use fresh acid 

for each batch. 



- 14 -

Fabrication of Haste alloy or glass lined react.or 
can be quite expensive. so the posibility of using open 

wooden vat for hydrolysis vas consider~d. One another problem 

is the filtration and freeing the hydrolysed product from 

adhering acid. There is a high loss of plant material as fine 

particles and choking of the filter bag during that operation. 

Hydrolysis study i>l'l 100 - 150 kg batch is being tried on 

newly constructed wooden vat of 1500 litres capacity vith 

7-8 % sulphuric ~cid for 3-4 hours. The effect or using 

the plant material as large as 25 nn without prior di~inte

gration is being tried. This vork is in progress. 

B. Solvent extraction 

The conmonly used solvent in this extraction is benzene 

or hexane. Extraction vith n-hexane carried out in the Haste 

alloy reactor and s.s. Concentrator at Thapathali resulted 

in a high loss of the solvent. In view of the difficult~ of 

obtaining hexane or benzene in Nepal. use of alternate 

solvents is cona£dered necessary. A comparative study was 

conducted using ~ kg hydrolysed 1nass vith the following 

solvents• (1) Petroleum ether. 60~ao0c (2) toluene (3) xylene 

and (4) ethyl alcohol. It vas found that ethyl alcohol has 

the high dissolution pover but brings out many other substances 

alon9 with diosgenin and that petroleum ether is the least 

powerful solvent but brings out the least amount of 

W\Vanted su~stances. 

A detailed comparative study vas ~onducted with ethyl 

alcohol and petroleum ether on 250g (hydrolysed materials) 

acale. It vas found that it is possible to purify the 

crude diosgenin obtained from alcohol by recrystallization 

from dichloromethane and ethanol to obtain a sample of 90 % 
purity (c.f.92 % from petroleum ether extract) with a recovery 

of 5.3 % (c.f.4.9 % from petroleu• ether extract). 
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Table 

1 kg batch of HYdrolysed Drug. 

Batch • Batch • Solvent • VOlUJlle Of ' Voluae of • Dried Powder 

No • size • used Solvents • Recovered • Diosgenin % of 
•. • Litres • solvent • the hydrolysed mass 
• • • Litres 

1. • 1 kg 'Petroleum 15 9 5.18 

'Ether 
• (60-80° ) 

2. • 1 kg 'Toluene 14 9 5.81 

3. • 1 kg 'Xylene 13 9 4.68 

4. • 1 kg •Ethyl 17 11 6.55 
"Alcohol 

1.4 Conclusion: 

·Hydrolysis. 

Problem in crushing of crude drugs and filtration of 
the crushed hydrolyed drug which resulted in loss of fine 

hydrolysed drug and clogging the filter cloth in its 
filtration. This is being overcome by hydrolysing precut 

(ab>ut 25111111 size) and drie<i tubers directly vith acid. One 
experiment of 100 kg gave satisfactory ~esult. work is 

continued for opti•ization nf hydrolysis. 
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Extraction. 

The results of the study shov that ethyl alcohol is 

a good solvent for extraction of diosgenin fro• the 

hydrolysed drug. An appreciable quantity of the solvent vill 

remain in the mare. Recovery of the solvent vould be done 

by flushing the mare with live steam. This vould result in 

loss of an appreciable quantity of dilute alcohol. A study 
will be conducted to find out the cost of recovery of 

solvents and its rectification and purification of crude 

diosgenin. 

1.5 .·uture vork 

A. Continuation of onqoing hyrlrolysis studies of dioscorea 

tubers in open wooden vat in 100-150 kgs batch size will 

be c~ntinued to optimise thP. acid concentration and time of 

reaction and other parameters. The same is under progress.· 

B. Further comparative vork on extraction of the hydrolysed plant 

material ~sing n-hexane and ethyl alcohol on Pilot plant 

scale. This would also include study on rectification cost 

of dilute alcohol. Modification of the existing versatile 

extraction unit acquired under the project to suit rectification 

has bP.en initiated. 

Team member 

1. A. o. Shrestha 
2. Dr. K.R. Amatya 

3. }{.R. Prasad 

4. Padma Prajapati 

5. D.N. Jha 

6. H.B. Narasl.,.~ 

DP/NEP/80/003 11-05 
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Pr~i!£! ~~~ 15! g~!~e 2!~£!~~ f OE !!!~~~£!!~~ 2! 
~!lad2~~! !!!!act ~~!!i~!~g ~ !!~~!~!~! 

2 .1 .@!£!s9~!ill~ 

Belladonna is ivell established medicinal plant with good 
economic value. Although not indigenous to Nepal, it can grow 
well in more parts of the country. Its cultivation has been 
extended to the farmers' level by the joint efforts of the 
Department of Medicinal Plants and M/S. Herbs Production 
and Processing Co. Ltd. (HPPCL). The present produce of the 
farmers is processed to supply liquid extract to M/S. Royal 
Drugs Ltd. and also exported in crude form. There is a 
possibility to expand the cultivation of ~he crop and value 
added product can be made by standardising the extract to a 
known & high alkaloid content. The present projec~ has been 
initiated with the development objective of obtaining extract 
of 3 % and 6 % alkaloid content belladonna leaves, which have 
a ready international market. 

2.2 Q!2j~£!!Y~l 
Development of a process for belladonna extract from 

belladonna leave containing 3 % and 6 % total alkaloids. 

2.3 Q!!!I?!!!! 

A preparation containing 3 % total alkaloids has been 
prepared on the bench scale followed later on the pilot plant 
scale. A sample was fUpplied to HPPCL for market evaluation. 
1 t was reported back by HPPCL that the product though stable 
in the laboratory deteriorated in the trade. 

On the suggestion of HVPCL, processes for products 
containing highPT percentage of alkaloid have been developed, 
which are likely to be more stable; two products have been 
prepared which contain 7~ and 90% total alkaloids. The reco
very, yield, alkaloids content and stability have been 

.. / .. 
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standar~ised in the laboratory scale. The processes arc going 
to be studied on the pilot plant scale in the near future. 

f Y!!:!!! !!.2!! 

Process for belladonna extracts containing 3 %, 70 % & 
90 % total alkaloid have been standardised on a laboratory 
scale. The market acceptability of these products as also 
the production on pilot plant scale and extended stability 

will now be studied. 

E~2j~£! L~~-~~ !2 2~Y~!2e ~ E~£~~~ f 2E !~~ 

E!£2~E!!£~ 2! E£~!~2!~! ~~2 !~~2!~!~ !!2~ k!~~~~~ 

3.1 !3~£~9!2!!~2 

About 400 different species of lichens grow in the 
wild in Nepal. Some of the lichens are of great economic 
value as food, fodder, dyestuffs, perfumery materi~ls and 
for tanning. It is estimated that over 1000 tons of dri~d 
lichens can be harvested iLmually from 55 districts out of 
a total 75 districts of Nepal. A substantial ~mount of the 
lichens are exported in the rrude form. 

It was considered important to develop technically 
viable method for the production of resinoids and absolute 
based on the Nepalese lichens(such as from Parmelia nepal
ensis) and carry out a market survey for its accessibility 

in perfumery industry. 

I~~!~ 

1. Identification of lichens occuring in Nepal. 
2. Selection of suitable process for extraction. 
3. Development of Chromatographic and analytical method 

for assessing the q11ality of the extract • 

. . / .. 
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4. Development of suitable method for the preparation 

of odourless alcohol used in the preparation of absolutes. 

~.~ ~!Q~ts 

1. About 25 different lichen species occurring in Nepal have 
been botanically identified and preserved in the Herbarium 
at Godavari. 

2. Identification of the various species present in the 
market sample of lichens was carried out. Of the com-
ponents identified Parme_.)j.a nepalensis constitute 7(1-,b 
of total. Remaining 30 % consisted of Parmelia niaheren-
sis, Usnea thonsonii, Hamalina subcomplanta, Usnea~. 

3. Nonnally hydrocarbon solvents are used for the 

extraction of resinoids from lichens. In Nepal hydro

carbon solvents are expensive as compared to ethyl alco
hol. Therefore a comparative study was made using ethyl 
alcohcl, n-hexane, benzene, toulene, petroleum ether 

(40 - 60°c) as extracting so1v~nt. 

Extraction methods involved: (a) cold r~rcolation; 
(b) reflux and (c) soxhlct extraction. A Preliminary 
~valuation of the extract was carried out, based on 

their yield, colour, consistency and oc.'our. Lichen:; 
extracted with hydrocarbon solvents yielded between 
1.0 to 2.87 percent resinold, whose colour varied from 
Y1hi te, yellowish to light green. While the colour of the 
benzene extract was acceptable, the odour, however, was 
not of the required quality. The alcoholic extract of 
lichen yielded between 3 - 19% of resinoid with accepta
ble odour and consistency aud dark brownish in colour. 
The odour assessment was kindly carried out by Dr. G.D. 
Kelkar of M/S. S.H. Kelkar and Company, Bombay. The 

products obt~in~d by different extraction procedures 
have also been evaluated by HPPCL. Taki n9 an overall 
balance of yi•~ld, colour and odoOJr the product obtained 

by ethanol eAtraction seems to have the best commercial 
prospects. 

. .. I . .. 
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HPPCL, therefore, has adopted the alcoholic extraction 
method and the product is sold in the international market. 

4. A thin layer chromatography (T.L.C.) method of analysis 

of the resinoid extract was developed. The method was 
emploved to check the quality of commercial extract 
produced by HPPCL. TLC profile of the standard extract 
prepared in the laboratory and that of conmercial extract 

are found identical. The method is useful to control the 
quality of different batches of conmercial extract of 
lichens. 

5. In order to develop a s•1i table method for the prepara

tion of absolutes from lichen extract odourless alcohol 
is required. Amongst the different methods tried, the 
following method yielded an alcohol sample of acceptable 
odour: A Mixture of rectified spirit and water is disti
lled. The middle portion distillate is treated with lead 
acetate and potassium hydroxide and the alcohol is decan
ted followed by redistillation. The alcohol thus obtained 
has light alcoholic odour with pungency much ieduced. 

Conclusion ----------
A method of extraction of resinoids of lichens has been 

worked at the laboratory scale. A chromatogr~phic method for 
quality control of lichen extract has been developed. HPPCL 
has coJ'll1le11ced extracting lichens and a ,,nw product "LICHEN 
RESlt.OlDS" has been successfully launched in the international 
market. 

. .. / ... 
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4 • 1 ~£~9!2!!!!~ 

Pine trees are widely distributed in Nepal and as 
forest product constitute one of the important natural 
resources of the country. Pine tr•!e produces abundant 

leave~ which on distillation yield pine needle oil. This 
oil has con1nercial value. In order to utilis~ this natural 
resource a programme to investigAte the pin~ sp~ci~s of 
Nepal as a c~mmcrcial source of pine needle oil was ini
tiated. The following gives a brief account of this work. 

4.2 Q~j~tiv! 

a. To investigate -.,. rious pine species of Nepal as a 
comnerci~l so~rce of pine needle oil. 

b. To develop a method for production of export grade 
pine needle oil from pine needles. 

4.3 ~~!!!£~~!~9Y 

a. To collect pine needle of right species 

b. To di still the plant materials in la~1oratory scale 
and to d~termine the quality. 

c. To distlll the plant material in pilot ~lant. 

d. To evaluate the techno-economic feasibility of the oil. 

4.4 E!£2!!!! 2! !~! ~~!~ 

Of 

a. 

b. 

c. 

d. 

The following pine species 
potential economic value for 

~~!!§ 1?!!!9!2!! 

~!!! !E?££!!~!!!! 
Pi nus wallichii ------

_______ ,_,_ 

Pi nus !~~~~!9~!! ·----

have been identified as 
processing. 

... / ... 
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e. Picea smithiana -----
f. Cedrus deodara ------

The relative abundance of these is described in the 
report of project No. 20 dealing with economic mapping. 

All of the above pine sp~cies are found growing wild in 
Western Nepal. But the first four are distributed in 

other parts of the country alr.o. 

4.4.1 

Pine needles and cones of Abies spectabalis have so far 
ooen investigated. These were collected from Rasu\ya and 
Dolakha districts. Oil content of the needles varied between 
0.22 - 0.48 %. The chemical con5ti tuents of the oil are 
tentatively identified a:; e(-pinene, p-pinene, camphene, 
limonene and bornyl acetate by usin'• Ge and TLC methods. 
Bornyl acetate, the major constitu~nt in the Dolakha 
sample, was isolated and its identity confirmed by com
paring its IR, TLC, and GC with authentic bornyl acetate. 

Investigation on pine needles collected from various 
parts of the country will be continued. On the basis of the 
work carried out at RDRL a commercial scale distillation 
of pine needle oil at a suitable location will be reco
nnended. 

. .. / ... 
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~roject !:'2.!_~ Production of fixed 2!,! fr~ ~~9~!!dh! ~k!!! 

!I?~!'! berries 

Sugand Kokila berries, on distillation yield a volatile 
oil which has been developed into an industrial product. The 
spent berries of Sugandha Kokila left after the volatile oil 
distillation have been investigated for possible production 
of by-products which will add to the profitability of the 
project. Laboratory examination indicated that the berries 
are rich in fixed oil which may find so~~ application. 
Keeping this factor in mind further investigation of the 
oil was made and the results obtained during this study are 
briefly described below. 

5.2 Q~j~tive 

To standardise a process for production of the fixed 
oil from spent berries of Sugandha Kokila. 

To explore possible uses of the fixed oil of Sugandha
kokila berries • 

. 5.3 ~~I 2! ~!~ 2!! of~!!!! 
Sugandhakokila fruits consists of two parts: Pericarp 

6 % and seed 39 %. The petroleum ether (48°- ao0c) extract 
of the pericarp yielded a concrete (23 %) while that of seed 
yielded fixed oil (48.5 %). On the other hand, the yield of 
the concrete and fixed oil from spent berries were 17.5 and 
52 - 62 % respectively. The yield of fixed oil, however, 
depends on size of the seeds and the solvent used. 

Investigation to determine the chemical constituents of 
the Sugandh~ kokila fat was underta~~n. The almost solid 
nature of the fat obtained influenced to compare its chemical 
constituents with the sal seed fat which has indu5tr1al 

... I .... 
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application mainly due to its semi-solid characteristic 
at room temperature {such as substitute for coco butter). 
A comparision of physico-chemical constants ~nd chemical 
constituents between the Sugandhakokila seed fat and sal 
seed fat was made. The result of this comparision led us 
to draw the following conclusions: 

a. Sugandhakokila fat is more saturated {iodine value: 
9.8) than sal seed fat (iodine value: 37.45). The 
saturated fatty acid content of sal seed fat is about 
46 % whereas that of Sugandha tokila rat is about 95 %. 

b. Unlike sal fat the Sugandhakolcila fat is made up of 
capric (11.4~), •~uric (7g~) myristic (2.5 %) and 
palmitic (1.95 %) while the four major acids of sal 
seed fat are oleic (41.9 ~), stearic (37.7 %), palmitic 
(8.3 %) and linoleic (2.8%). 

c. A close examination of the chemical constituents of 
Sugandhakokila fat suggests that it resembles more 
~dth coconut fat so far as the major constituents are 
concerned. , 

5.4 l2!!£i!I Te!! 

Some exploratory toxicity studies on the fixed oil have 
been carried out which are as follows: 

a. In skin irritation test carried out in rabbits acccrding 
to standard methods no adverse effect was ohserved. 

b. Acute toxicity was carried out in mice. In this test 
it was observed that no animal died up to a dose of 
10 ml/kg of oil up to a period of 4 weeks. No significant 
gross observational changes were observed durinry this 
period. 

. .. / ... 
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5 .5 ~nclusions 

a. The fat consists of high percentage of !auric acid, 
and appears to be a good source for this industrially 
important chemical. 

b. The fat aay find uses in textile, soap, coSllletic, food 
plasticisers and pharmaceutical industries. 

froject No. ~ a. froducti2!! 2f ~igh gualitI !!!?~!~and 

!~rpen!!"! 
b. froduction ~ ~ 2!! .f!~ T~!(!entine 

6 .1 .Q!.£~9!0~n~ 

Rosin ~nd Turpentine alsc known as naval stores is an 
important forest product. There are already t~o factories 
in Nepal, one large one with an annual capacity of processing 
4000 tons of gum oleoresin located in Kailali Districtifar 
Vlestern Development Rt.?gion and one smaller one with an ar.:mal 
capacity of 200 tons situated in Bara District, Central 
Development negion9 A third one of large size is being planned 
in Banke District, Mic1 Western Development Region. It is 
estimated that 18,000 tons of gum oleoresin can be produced 
annually by tapping the existing chirpine (Pinus roxhurghhi) 
forest (Ref. Department of Forest). These figures indicate 
the high potentiality of :t'>£in & turpentine industry and 
industries based on its downstreem products. 

The project is intended to provide R & D support to the 
Rosin and Turpentine industry of the country. At the time 
of the initiation of the project the distillation factory 
at Kailali was b<?ing establish~d with the assistance of the 
USSR. This factory is noVJ under operation und-:?r. the organi sa
tion named Nepal Rosin and Turpentine Ltd. (NRTL) and the 
smaller scale factory of HPPCL at Bara 01~trict is processing 

... / ... 



- 26 -

about 100 tons of gum oleoresin annually. As an R & 0 support 
to these industries preparation of quality control standards, 
improvement of the quality of products, development of pro
cess for derivatives and other downstream products from 
rosin and turpentine were considered to be essential. 

6 .2 Q~jecti ve 

a. Production of pine oil from turpentine. 

b. Preparation of quality control standards for rosin 
c. Production of high quality rosin. 

d. Preparation of dcri vati ves of rosin. 

e. Preparation of derivatives & downstreem products 
from turpentine. 

6.J Qute~ (?!2dU£ed !!!~ erob!!!!!! ~!!~Unt!!!!! 
a. .f~~!~ !!! ~ !!il !!~ !urf?!!lti~ 

A process was developed for the production of pine oil 
from turpentine containing about 28 % total pinenes, using 
aqueous sulphuric acid and acetone on 500 ml turpentine 
scale. The terpineol content as detennined by g.l.c. and 
B.S.I. method (chemical) was about 20%. The quality Y1as 

considered satisfactory by HPPCL. 

However, in view of the high cost of acetone & its 
fire hazard, development of a process avoiding the use of 
organic solvent is under progress. Use of a surfactant is 
also being tested. 

b. f!!Q!!!!i2n 2! 9~!!!.!I £2!!!!2! !!!~!!~! !2! !2!in 

c. !~ 2!2~~£!i2n 2! h!9h 9~!!!!I !2.!!~· 

Bench scale studies on improvement of the quality of* 
rosin were conducted using orthophosphoric and oxalic acids 
for removal of iron in the oleoresin before distillation • 

. . . / ... 
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Different characters (physical and chemical properties) of 
rosin such as acid number, unsaponifiable matters, colour 
opades, softening points, insoluble matter etc. were studied 
for fixing standards and grading. Several samples of rosin 
were subnitted to HPPCL for assessment. They have approved 
two of them. However, NlTL factory has now come into operation. 
It uses modern technology for producing rosin of internationally 
accepted standards. Considering thus this activity has been 
dropped for the time being. Nepal Bureau of Standards {N.B.S) 
has a prograrrme to prepare standards for rosin in the near 
future. The three organisations: N.D.S., NlTL and RDRL shall 
be involved in fixing a practical and acceptable standard 
for rosin • 

d. f!!£!!.2!!!! ~istillatio~ of Turpenti~ 

This study was taken up to gain some ex~~rience in 
isolation of the components of Nepalese turpentine fo~ 
subsequent use in preparation of downstream products. The 

study was undertaken on 250 ml scale and subsequently on 
5 1. scale. It has been possible to obtain fractions con
taining 85 % alpha pinene and fractions containing over 95% 

carene starting from turpentine containing 12 % alpha pinene 
and 60 % 3-carene using 1:10 reflux r?tio. 

e. f!el?!!!!!2n of 2!riv!tiY!! 2! ~~ 
(i) Adducts of Rosin: Among the several derivatives of 

rosin fumaric adduct was considered first. A preliminary 
survey of its demand in the Indian market was carried out. 
This indicated that the demand for this product was not 
so high. The work was switched over to maleic and phenol
fonnaldehyde adducts. The work on the former is making good 
progress. A chromatographic method for. monitoring the progress 
of the r~action is being studied. Paramqters for the reaction 
is being standard! sed. A further work of about two months 
should be adequate for takinq up pilot plant scale studies. 
Pilot plant study shall require a r~action vessel which 
can attain 160 - 19o0c. 

. .. / ... 
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(ii) Esters of rosin as well as its adducts and other deri
vates such as hydrogenated, disproportionated etc. are in 

demand for paints and printing ink industries. To start with 
esters of raw rosin has been taken up. An ir spectroscopic 
method for monitoriny the ~rogress of the reaction has been 
developed. The products have been tested according to 1.s.s •• 
Process for producing glycerol ester of raw rosin has been 

standardised in bench scale. Two more months on bench scale 
should be adequate for the penterythritol ester. 

Fabrication of a reaction vessel for reaction in the range 
of Joo0c under inert atmosph~re is required for pilot plant 
study. The possibility of conversion of a 250 1. s.s. reaction 
vessel possessed by HOHL for the purpose is being explored. 

d. Qe!i!~!!!~! ~ ~~~~!!!!~~ E!2~~£!! !!~ !~!Eeri!i"! 
Possihili ty of develonmcnt of p1·ocesses for useful 

compounds besides pin~ oil {terpineols) was explored. 
Hydroxymethyl carene and its acetate \'lere preoared. These 
compounds, howev•::r, tJo not have dem<:nd in the market. "Carene 
acetate" is an ~ell established pcrfumary item. Methods for 
its production is heing searched in the Ii terature. 

6.4 b!n~~9! ~~~~!n ~Qfl~ ~g ~1!~ 

RORL ha~ been able to develop a qood rapport vii th the 
main producer of rosin and turpentine in the country, !\RTL. 

The R & 0 work is going to be formally sponsored by t.JnTL. 

A proposal has been submitted to it and is awaiting appro
val and formal signing of agreement between Ni~TL & RDRL. 
The processes developed shall be transferred to NtTL. 

6.5 Constraints and their solution ----------- --- ----- --------
a. t-hnavailability of proper reference material has been 
a major constraint. It is necessary to acquire reference 
materials in the field of paints, varnish and related m~terials 
in which the derivatives of rosin are used. 

. .. / ... 
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b. The workers of HOOL, who are at present working in this 
field lack any exposition with related work in other countries. 
It is su99ested that they are given short and long term trai
ning, sent on study visits to institutions and industries of 
related field in other countries. 

c. A process technologist is required to be attached Ylith 
the project so that he can identify the parameters of various 
processess that are required to be determined at the develop
ment in bench scale stage and for design of pilot plant and 
finally of manufacturing unit. 

d. Laboratory equipments and instruments specially 9.l.c. 
and accessories for HPLC should be consolidated. The glass 
blowing capability is inadequate at present to the require
ment of the work and needs reviewing. 

e. Market survey and nonavailability of standard samples 
has been a seriou~ drawback in the progress of the proj~ct. 

f. In view of the work that has to be completed within a 
fixed time the manpower available has ~en inadequate. It is 
suggested that it is strengthened so that the work required 
can be completed to meet the requirement of the client 
industry (NRTL). 

6.6 f~!~!! ~E29!~~! 

a. Completing of the ongoing process development activity 
of pine oil and terpineol without the use of organic solvents. 

b. Completion of process development for fractional disti
llation of turpentine for production fo ol-pinene, p-pinene, 
3-carene and other components. 

c. Pilot plan~. studies on production of glycerol and 
penterythri tol esters of Bosin. 

d. Pilot plant studies on production of maleic adduct 
of rosin. 

e. Process development of other rosin derivativP.s • 

. . . i ... 
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f. Process development of carer.e acetate and other useful 
perfumary compounds from carene, pinene and other compounds 
of turpentine. 

g. Polymers from turpentine. 

h. New derivatives & downstream products from rosin. 

i. Alkyd resins. 

Dr. K.R. Amat ya 

Mr. B.R. Shakya 

Mr. P.M. Shrestha 

.Mr• Y.N • Su kl a 

Mrs. Ramila Joshi 

Mr. A.O. Shrestha 

t.\r • Radha Raman 

Mr. Na bin Sh res tha 
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~fOj~~!-~~2: f!.~£~!2!! ~f ~~nd~~!~~~ !~~~! 

!!kaloi2~ 2f ~!~~lf!! ~£!~~~!!~ 

1 .1 ~f~gr5?ung 

ilauwolfia dru9 is the dried root of llauwolfia 
serpentina (Linn) Dentham ex kurz. (Fam. Apocyana=eae), 
sometimes havinu fragments of rhizomes and aerial stem 

based attached. It contains not less than 0.15 % of reserpin~
rescina1nine group alkaloids, calculated a!= res•:-rpine. 

The pl.::-nt is distribut0d in Nepal']unj, Dheri. Chh~patar, 
Letan9, Tarahara, Mayakhola and i.-ia':JU"':a at an altitude of 
180 m to 760 m. It is also cultivated in the herbal farms 
of the Department of Medicinal Plants in an experimental 
basis. Now the herbal farms are extending its cultivation 
extcntion programme in the farmers level. 

Rauwolfia s~rpentina root is used mainly as an 
antihypertensive and as a tranquillizer. Hoyal Drugs Ltd. 
has shoYln interest in i:he production of preparations 
containing Hauwolfia to introduce in the market.. 

1 • 2 Q2j~£.ll.Y! 

Royal Drugs Ltd. has a programme for the production of 
tablets of total alk.alo..i.ds of nauwolfia containing 0.1 mg 
of reserpine per tablet. Hence this project was undertaken 
as per the recommendatii:>n of the joint coot'dination comni ttee 
to devP-lop technology for extraction, formul~tion and to 
work out the quality control method of the products. 

Labor'1 tory scale woiks in l;auwolfia scrpen ti na was 
carried out by percoliltin9 the powdered drug in 90 % alcohol. 
The percolate wa!. contentrated by means of a rotavapour. 
Analytical reports and yields of the extract are mention~d 
b~low. 

. .. / ... 
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Batch size in the laboratory scale was 500 gr:I'.> <?n·.~ t'°'·

yield of the extract was about 50 gms. 

Total alkaloid content in the crude drug = 0.835 percent. 

Reserpine like alkaloids content in the crude drug = 0.0293 

percent. 

Total alkaloid content in the extr1~l = 8.4629 percent. 

Reserpine like alkaloids content in th€ extract = 2.0894 

percent. 

Pilot scale operation in 20 kg batch size \":as carried 

out at Thapathali fascilities by percolating the powdered 
drug with 90 % alcohol. The percolate was concentrated under 

vacuum concentrator below 60°C. The yield of the extra~t 
was 3 kg containing 6.559 % total alkaloids and 1.887 ~of 
reserpine like alkaloids. 

600 gms of the extract was supplied to Royal Drugs 

Limited for its approval. About 5000 tablets containing 

2 mg of total alkaloids in each tablet were prepared and 

about 3000 tablets were supplied to Royal Drugs Ltd. for 

approval. 

As per discussions with Royai Drugs Ltd. preparations 

of Rauwolfia tablets containing 0.1 mg of reserpine like 
alkaloids is desirable. Hence this preparation is in process. 



7.5 
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1. Standardisation of Pilot scale operation to prepare extract 
at Godawari Pilot Plant facilities using versatile extraction 

units. 

2. Preparation of Rauwolfia tablets containing 0.1 mg 
of reserpine like alkaloids in each ta~]-t and supply 

to Royal Drugs Limited for approval. 

3. Development of analytical method for the assay of 

reserpine like alkaloids in the extract. 

Team Members -- ----
1 • Mr. A.O. Shrestha 

2. Mr. R.C.M.S. Rajbhanshi 

3. Mr. T.R. Shaky a 

4. Mr. L .. K. Vaidya. 

-~____[ 



- 34 -

·Project No. 6 Production of slandardised total extract of triphala. 

1.1 Background 

Triphala is one of the mo~• important drug of the 

Ayurvedic system. It is a mixture of ~al parts of three raw 

drugs: Terminalia belerica (barro), Terminalia chebula (harro) 

and Embilica Officinalis (amla). ~sit is a mixture of raw drugs 

it provides problems in dispensing. With a view to develop a 

more convenient and suitable formulations, the preparation of 

a standardised Triphala extract was undertaken at the 

instance of Royal Drugs Ltd. 

1.2 Objectives:-

Production of standardised triphala extract. 

1.3 Methodology:-

~l~oholic extract:-

Alcoholic extract of each of Termin;•.i..ia beler ica, 

Ierminalia chedula and Embl.:_ca officinalis were determined 

separately. 50y of each of the powdered fruits of these dru~s 

were extracted separately with 50 ml of 90 % alcohol by 

percolation. The yield of alcoholic extract was as follows:-

Terminalia belerica 

Terminalia chedula 

E1r.bilica officinalis 

- 0. 52 % 

- 0. 30 ·x. 
- 0.31 % 
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Water extract of each of these drugs ver~ determined as follows:-

Dried fruits of term.inalia belerica. terminalia chedvla 

and E'llbilica officinalis were powdered and 50 g of each of these 

powder was extracted separately with 50m1 of distilled vater 

by percolation. The vater extract was concentrated under reduced 

pressure at 40°C to a thick syrup and was further dried in a 

vacuum desciccator over calcium chloride. The yield of vater 

extract wasi-

Terminalia belerica 

'1 erminalia chedula 

Embilica officinalis 

1.4 Preparation of Triphala:-

5. 31 '" 
- 4.82 % 

- 5.96 % 

50 9 of each of the powdered dried fruits of !-~~~i_n~!_ia 

bclerica. I_~_m£nalia c_l)~bula and .t;:_mbilica -~!-~~~_inalis were mixed 

together and extracted with distilled water by percolation. !'he 

extract was concentrated under reduced pressure at 40°C to a 

thick syrup and was further dried in a vacmun descicator over 

calcum chloride. The yield of triphala water extract was 21.1 % . 

The ~xtract was found to be very hyqroscopic. It has so 

far not been possible to p~epare a desirabl•.? formulation from 

it which ~~ould be easily handled. 

1.5 conclusions-

In view or the interest shown by Royal Drurys Ltd this 
project was undPrtakcn • Uul due lo the hyqroscopic natur~ of 

the product. T<!oyal Drur.<; Ltd. did not want to pursue the project.. 

It was d~cided to terminate this project. 

Team m'-'mbers:-
Mr. A.O. Shreslha 

Dr. Amriteswori Hajbhilndary 

Mr. T. R. Shakya 

Hr Dhi rananda Jha. 

-- ----- ~~--------
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Project No. 9 ~essing of Crude Shilaieet for AyurvL>dic use. 

9. 1 Background 

Shilajeet is one of the 111e>st important & prP.steq~ous 

Ayurvedic drug. It is used for many diseases such as hypertension. 

diabetes, geneto-urinary infections, jaundice. According to 

Charaka, the great practitioner of Ayurvedic system of 

medicine: " There is hardly any curable disease vhich can not be 

controlled or cured vith the aid of Shilajeetw. Shilajeet 

which is an exudate on 1110untaneous rocks of Himalayan reqion 
is an exportable item of Nepal. A small amount or Shilajeet 

is processed by Singha Durbar Vaidya Khana (SOVK) and other 

Ayurvedic drug companies of Nepal. These companies employ 

traditional technologies to process crude Shilajeet into 

re£ined " Soft" Shilajeel and Lhe period or processing varies from 

40 days to 4 months.In view or lonq processing period SDVK souqht 

technical help from ROHL to simplJ.fy Lhe process and cuL dovn 

the cost and time. The present st~1dy a1m.:; to workout suitilble 

methodology for processing of Shila je•:'L .. 

9.2 Objective 

a. To improve the method or production of processed 

Shilajeet. 

b. To develop method for quality control or Shilaject. 

9.3 Hethodoloqy 

a. To study the traditional technology and Jevelop a 
suitable method for processing of crude shilajeP.t. 

b. To evaluate the process and provid~ sample for 

evaluation by SOVK. 

c. 1·0 develop standards for examination or crud,,/rav 
& processed shilajeet. 
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9.4 Process Development 

l~av shilajeet, that is connercially available contains 

varying proportion of impurities stretching from cock pieces 

to very fine clay like substances, ano needs extensive puri

fications prior to its use. 

The main operations in its refining involve. 

a. crushing 

b. Extraction with water 

c. Filtration 

d. concentration. 

Crushing 

The physical condition of the raw material avai1a:)1e varied 

from soft to hard lumps. Jn case of hard bciltle lot jaw 

crusher may be u~cd. sine~ small lots of sample were made 

available, crushing has been done mannually. 

Extraction 

To understand the physical characteristics of its dissolution, 

filtration and concentration a few batches of processing 

by room temp acqueous extraction have been carried out. Of 

the following problems faced during experimental ~tudies 

both on bench scale and pilot plant, filtration and concentration 

due to frothing, the latter has been successfully solved. 

Trial experiments to improve the filtration process is bein9 

continued. The results of proces~ing of some batches of 

Shilajeet are given in the following table. 



Rav material 

20 kg 

97 kg 

100 kg 

50 kg 

35 kg 
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Table 

SO ft Extract 

9.7 kg 
36.0 kg 

34. 0 kg 

21.5 kg 

14.0 kg 

In onder to imq>rove the processing met.hod a Cev J110re 
batches vere processed using vater preheated to so•c and stirring 

mechanically. A marked improvement. in the overall performance 

has been noticed. This process vill be evaluated for its 

suitability lo adopt in an industrial scale. 

Acceptability of Soft. extract by SDVK 

Soft extracts or Shilajeet obtained during the above 

studies vere provided to SDVK for product evaluation. The 

SDVK confirmed in the co-ordination committee Meetings that 

the sample is acceptable to them and also to the patients who 

regularly take shilajeet. 

Analytical work on Shilajeet 

Raw Shilajeet is prone to be adulterated. In order to 

ensure the authenticity of shilajeet standards for qualitative 

examination of crude I rav Shilajeet have been d 0 veloped. 

As the active constituent of Shjl~jeet is not known, it vas 

decided t.o fix its quality control standards vith some 

constituents which are commonly present in all the samples 

of Shilajeet tested so far. It vas round that amino acids and 



- J•J .. 

benjoic acid are the connon constituents present. Therefore 

standard of TLC finq~r print of amino acids and isolation and 

identi rication of benj_oic acid have been developed as a 

quality control standard to check the quality of the rav as 

also processed shilajeet. 

/uture work Plan 
1. Further improved processing method will be developed. 

2. Processing of rav Shilajeet will be carried out using 

the already developed tec'tnique and the product 

supplied to SDVK till their new proposed plant is connissioned. 

J. A final techlical report vill be prepared and submitted 

to the concerned agP.ncy. 
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f!~ect No. 10: ~~e!e!o~ technolo2I_for prod~!,2~ 

of lo!~!_Ergot a!~~!o!ds 

10.1 Backgrou~ ~ Q~ectives 

Ergot is a fungus parasitic on cereal crops especially 
on rye. It has got medicinal value. Ergot has got alkaloids 
derived from lysergic acid. The ergot alkaloids in clinical 

use are ergotamine and ergometrioe; ergometrine has got 
oxytocic properties and ergotamine is used for mi9ranes. 

The cultivation of ergot v.1as successfully accc~mplished 
in the h•:-rbal farms of Department of Medicinal Plants on 
an experimental scale. It was thus considered desirable 
to develop a process for the extraction of total alkaloids 
of ergot. Some exploratory work was carri~d on the extraction 
of total alkaloids using different solvent systems. However, 
the cultivation of ergot was not maintained and therefore 
ergot sclerotia were not available. It was therefore decided 
to keep the project in abeyance till the cultivation of 

ergot is taken up on a regul~r basis. 

10.2 Present status 

The pro_i~c:t has h~en dropped riue to non-availahili ty 

of ergot sclerotia and stoppage of its cultivation. 

Or. (MRS) Timila Shrestha 

Mrs. Padma Prajapati 

Mr. P.P. Bista 

... / ... 
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ProJe£t~..!!.:. 

~~ject Title: Techn!!::~omic study_f~!.eroduction 

of Caffeine from tea-waste. ------- -----
1 1 • 1 ! n trod!!ill2!! 

Caffeine occurs in plants such as tea, coffee, mate 

leaves and guarana nuts. In the tea growing countries, tea 

leaves have ~en conrnonly used for manufacture of caffeine. 
In the process of manufacture of tea, 2 - 5 % total green 
leaves are separated as fibrous part of tea; some flops are 
also separated. These fibrous parts,flops and dust along 
with those damaged d11e to storage and oth~r reasons are 
called tea waste. /\ccording to HUG, Dept. of Excise, tea 
waste is either burnt or dumpP.d in soil in presence of 
excise repr~sentativ~s. Like its source from which it 
comes the tea-waste contains caffeine, which h;Js world 
wide demand. In countries where tea leaves are in abundant 
supply, caffeine is manufactured as a by-product of tea 

industry. Nepal imports caffeine while it has large quan
tities of tea - waste Vlhich is dumped every year. In the 
year 198~· alone tea waste worth US s. 8,095.9 was dumped. 

!ill!..! 
~!!!!!?!~_!!!-=-~!!!~-~gl_!n_~~ea1. 

f !~£!!_}:!!!: Q2Y!~-~n~~!-!!~9- Private sector -----------
81 2921.92 7943.12 
82 3610.90 9246.96 
83 4774.05 9659.74 
84 6218 .34 11059.40 
85 8277.08 10815.10 

Total 

10865.04 
12851 .86 
14433.79 

17277. 74 
19082.96 

... I .. . 
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With the increased prod!•ction of tea, the quantity of 

tea-waste availabl~ will also increase. 

11 .2 Q!?.i!£ti!~! 

To develop a process for manufacture of caffeine from 

tea-waste and study its tcchno - economic feasibility in 

Nepal. 

11 .3 ~!E!!! 

1 1 • J • 1 §~~x 2r ~!!!!Q!~ 
Samples of tea - wasle were collectP.d from differ~nt 

parts of N~pal ilnd .1nalys~d for lhcir caffej ne content 

the results obtained are Qiven in tahle 2. 

!ab!!_~-~-~!_£~ff£~~!_!~-~~~~!!1_~!~~!£~ 

~~~!-~f_!~~-!~~E!~-2~~E~ 
Tokla 
Kanyam ( stalk ) 

!lam ( orthodox ) 
Soktim 
Giribandhu 

Nakalbanda 

Himalay3n 
Satighatta 
Mi ttal 
Budhkaran 

% caffeine ----------
6 

4.05 

3.04 

4 

4.5 

4.65 

4.05 

2.00 

4.2 

2.95 

average 3.94 
·-----------------------··-----------------------------

... / ... 
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11.3.2 ~!~~!!!studies f£!-!~!_erod~ct!~~-~f~!!f!!~_: 

Three methods for the production of caffeine were studied 
at Lab. scale out of which the method given below gave the 
best yield. 

100 g of tokla ere was mixed with 100 9 of lime, boiled 

with 500 ml of water for 20 minutes. The rxn mixture was 

filtered and the filtrate was treated with Magnesia and 
filtered once again. The filtrate was concentrated to 
crystallization concentration left to cool whereby 
crude caffeine is obtai~d by filtration yield 4 %. 

£~!!£!!!§!2n 

The method described ;tbove seems satisfactory for 
production of caffeine. It is intended to up scale and work 
out the Techno-economics of production. 

Rec om me ndation 

1. The study should be cor.tinucd at pilot scale and 
obtain techno~conomic data. 

2. Work out proper mechanism for procuring tea-waste, 
which is so far controlled by excise regulation and 
is either dumped or burnt. 

Dr. P.M. Adhikari - Co-ordinator 

Mr. Bhaweshwar Oas 
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E!2i~£! __ No. 12: Production_of l-fl2e!_f~m muctna 

§eed~.:. 

12.1 _!lackgroun!! 

Mucuna pruriens a herbaceous plant belonging to the family 
Leguminosae grows wild in Terai region of Nepal. The beans 

of this plant are rich in 1-Dopa, which is used as a medicine 

against parkinsons disease. 

12.2 .Q~jecti ve 

The objective of this project is to develop a process 
for the large scale production of 1-Dopa from mucuna seeds. 

12.3 MP~ 

The mucuna seeds ~~re collected from tne field. Some 
difficulty was experienced in the collection of seeds as 
the pods have a highly alleryic furry coat. Although some 
earlier work was carried out using the indigenously 
available seeds, it become evid')nt that collec lion & work 
up of these seeds will pose logistic difficulties. It was 
therefore decided decided to cultivate alternate varieties. 
It was found out that the Brazilian variety has the pods 
without the all•.:ryic furry coat. So the cultivation of this 
variety was tried in the Hetaunda Herbal farm. The culti
vation is doing well in the experimental basis and about 
50 Kgs. of seeds have been collected ~o far. 

The an~lysis of the six different varieties of mucuna 
growing wildly in the Terairegion of Nepal, showed 1-Dopa 
content from 4 - 9 % • The highest percentage of 1-Dopa 
was obtained from Mucuna Jlruriens. The an<1ly!iis of seeds 
of this species showed 1-Dord corJtent 9.2 %, moisture 
content 12.2 % and oil content 1.6 %. 

. .. / ... 
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Twenty batches of 500 gm size of seed powder were pro
cessed for the extraction of 1-0opa. An average of 4.2 ~ 

yield of the B.P. grade product was obtained. All of 1-Dopa 
could not be extracted from the seed powder. Analysis of 
the mare and mother liquor sho~~d the presence of 1-Dopa 
as 2.7){, and 1.07% respectively. Efforts are beinq made 

to extract the remainin9 1-Dopa from the mare as well as 
from mother liquor. 

The Brazilian variety planted in Hetauda farm showen 
th~ presence of about 9~ of !-Dopa. On processing the yield 
of I-Dopa obtained was 3.0:~. 

Some 300 gms of I-Dopa (97% pure) are in hand at present. 

Some modifications in the process are being tried in 
ord~r to obtain higher yield of I-Dopa. A trial for the 
extraction is underway in pilot plant. 

12.4 f2nc1~~io~ 

Seed powder of 11'--~'':12 .r_r_1Jr~~~~ from wild showed the 
presence of 9.2 % of 1-Dopa. 4.2 ~ of !-Dopa could be 

isolated on processing. This seems q11i. te promising. Brazilian 
variety cultivated in Hetauda farm showed 9% of !-Dopa 
content and the yield obtained after processing was 3.8% 
which is conunercially promising too. Thus Brazilian variety 
could be used instead of wild Mucuna pruriens. By using 
this variety we can overcome the problem of all2rgy due to 
the furry coat of pods of wild mucuna. 

12.5 f~!~~-f!!n 

a. To up scale the process on pilot plant determine the 
techno-economic parameters. 

b. To submit samples of 1-Dopa of B.P. grade to RDL and 
HPPCL for market acceptance. 

c. To up scale the cultivation of the Brazilian variety 
& to introduce it· to the farmers. 
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Project No, 13. Production of essential oil from Juniper berries 

13-1 Background 

Juniper berries oil is produced conunercia1ly by steam distillation 
of ripe fruits of Juniperus communis. In Nepal, three species 

of Juniper grow wild. These include Juniperus communis. 

J. microphylla, and J. rccurva. In view of its economic 

importance investigation on the essential oil content of the 

bc~ries of Nepal Juniperus was initiated. 

13. 2 Objective 

a. !'o investiqale Juniperus species of Nepal as a commercial 

source of Jwiiper berry oil. 

b. To develop a method for processing of Juniper be1ry to 

extract export grade oil. 

13.3 Methodology 

a. To collect Juniper berries from various parts of the country 

and distill these to obtain the essential oil. 

b. To evaluate the quality of the oil. 

c. To distill at pilot plant scale and evaluate the techno

economics of the oil production • 

13.4 Chemical investigation 

Two types of '.::lt?rries (big and small sizes) of Junip"'rus rec1!.~ 

were collected from Rasuvd district. Both these samples were 

crushed and hydro-distilled to obtain volatile oils. The 

yield were as fo1lows. 

Bi~ berries - 1.26 % and small berries 2.03 % Chromatoqraphic 
examination of the oil indicated the presence of terpenic 
hydrocarbons with the following composition. 
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Hydrocabons Biq size berries 
(tentatively identified) 

c{- pinene 5.7 % 

p- pinene 26.7 % 

Hyrcene 4.0J % 

Limonene 56. 55 % 

Smal 1 size 

berrie~ 

4.2 '-' 
}. 5 % 

27.56 % 

57.37 % 

The GLC comparision or lhe above tvo oils with that of corrrnercia 

sample of Juniper berry oil showed that the monoterpenic compo

sition of the Nepal Juniper berry oils are qualitatively very 

similar to that of commr.?rcial sample. However. the odour and 

relative concentration of each of these four constituents vary 

sinificantly. 

13.4 Distillation 

HPPCL has installed a distillation unit at Ramechap district. 

As a ~rial production it has distilled Juniper berries oil 

and submitted the oil to RORL for chromatographic analysis. 

The oil was examined and the report was sent to HPPCL. 

13.5 future Work Plan 

Investigation on Juniper bPrries oil obtained from various 

species will be continued. On the basis of work carried out 

at ROP.L a commercial scale distillation of Juniper berries 

oil at a suitable location will be recommended. 

Project No. 14: Production of hyoscyamine and hyoscine from 

Dhatura species. 

Ou0 to non-availability of adequate plant material 
this project was dropped since 1987. 
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~!21££!_~.:._15: ~e!2!!~!!~ ~! ~~~~!!!!~! Oil 

~~!!!!9 ~la!!!~ !!! !.~E!!!.: 

Plants provide a lcrge number of industrially important 
products amongst which essential oils occupy a place of 
considerable importance. There are of economic value and 
are used in perfumes, flavour and medicines. Previous 
studies have shoVln t'iat a l'lrge number of essential oil 
bearing plants occur in iJef'.lal ::tnd these as raw materials 
are abundant for the prod11c don of essential oils. But 

t'.:i s resource remained to be tapped for the beni fit of 

the country. !~-~!!~~!_!~!!!_!=~~~!=-!~E~!!~~E!_~ 

!££~£~1~g_g!29£~!!!'!!~-f2£_!!!!!~~-!h!_£~!!!!~!-~£_!~~£~!!~! 

2i!_!~-!~!-~~E~!!~!_fl~E~-~~~-!~!!!_!~!~~!!~~-~~-!~~

~~!!!!~!_!~!_!~!~!!-E!~~=!i~~-~!~!£~~-=~~~£~~~~-~~ 

£2~~£~2.:. As a result of this study a few essential oil 

bearing plants occuring in wild have been selected for 

Pssential oil production and these products have success

fully been marketed within the country as well as in 
foreign countries. Such systematic research and develop
ment works on essential oil can have> significant irnp.:ic t 
upon the establi shml?nt and growth of essential oi 1 ind11s try 
in Nepal. This fact is reflected in Table 1 which shows 
the trend of essential oil sale in the last six years. 
The R & D work which led to attain the situation arc 
briefly discussed below. 



l'A8C.c 1 ___ _,_ -
~ale of essential Oil to 

---------------------------------------------------------------------------------------Year Domestic India Overseas Total 

--------------------------------------------------------------------------------·-----Qty. Value Qty. Value Qty. Value Qty. Value 
\Kg) (Rs. x1000) (Kg.) ( H s • x 1 0 0 0 ) ( ~g • ) (R~. x1000) (Kg.) ( Rs x 1000) 

------------------------------------------------------------------------------------------------
1 981 /82 805 10.45 - - - - 805 10.4~ 

1982/83 1398 21.02 31 7.72 3 3.53 1432 32.27 I:'-

'° 1983/84 3230 47.98 417 62.65 101 45 .13 3748 55.76 
1 ~84, 85 6167 33.66 1620 169.66 487 308.82 8Z74 61~.14 

1985/86 8108 287.68 5ti27 206.80 1:;13 1 072 .50 25448 1626.98 
1 986/87 14985 290.52 1217 064.65 2205 1566 .31 18407 2421 .48 

----------------------------------------------~-----------------------------··----------------~---
Source: Herb Production & Processin~ ~o. Ltd. 

Sales Section. 
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Following three broad R & D objectives were considered 
for the development of essential oils as an exportable 
commodity of the country. 

1. Screening of Nepalese wild flora ~ith an objective of 
discovering either new source of essential oil which 
already have established use or new essential oils of 
economic value in perfumery industry. 

2. Introduction of cOlllQercially important exotic plants 
with established aromatic value. 

3. Development and improvem~nt c•f processing technology 
and ·1uali ly control of essential oil of established 
economic value. 

1. Collection of plant specimens from different parts of 
the country during suitable season and their proper 
botanical identification. 

2. Introduction of commercially important exotic plants 
with established value at herbal farms located at 
different agroclimatic region of the country. 

3. Distillation of the collected and introduced plant 

~pecimens to determine their oil content. 

4. Evaluation of quality of the oil for their market 
potential. 
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In keeping with the above objectives and following the 
above methodology, ~ollection of plants from different 
parts of the country were made and their essential oil 
content were detennined. The list of such plants with 
their oil content is given in Table 2. 

Table 2 

List of Essential Oil Bearina Pl~nts ---- -- --------- --- ------~ -------

------------------~-------------------------
Name of Pli.nts Oil % {v/w) 

--------------------------------------------------------
Abies spectabilis 

Acorus calamus 

Agastache furgose 

Am~mum subulatum 

Aristolochia sps. 

Artemisia indica 

, , parvif lora 

' , vulgaris 

Bauhinia purpurea 

Bupleurum candollei 

Callistemon lanceolatus 

Cannabis sa ti va 

0.31 

0.9 

2.71 

1.5 

0.03 

0.77 

0.20 

0.93 

o.oa 
0.16 

0 .. 34 

0.19 
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--------------------------------------------------------
Name of Plants Oil % (v/w) 

~------------~-----------------·~~- ----------
Cedrus deodara 

Celastrus stysus 

Chenopodiurn album 

Cinnamomum ca~phora 

'' 
tamala 

Clausena willdenowii 

Costus sps. 

Cotoneaster microphylia 

Cumirnum cyminum 

Curcuma domestica 

Cymbopogan f lexuosus 

, ' 

'' 

martini 

winterianus 

Cyperus rotundus 

Elettaria cardamomum 

Eucalyptus camaldulensis 

'' 
citriodora 

Eupatorium adenophnrum 

' ' glandulosum 

6.04 

0.59 

trace 

0.10 

0.1 bark 

1.05 leaf 

0.11 

0.05 

trace 

0.37 

4.17 

0.12 

0.47 

0.11 

0.09 

1.6 

4.24 

4.42 

0.4 

1 .31 
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--------------------~~-------·~~~·---------------------
Name of Plants Oil % (v/w) 

·--~~----~-~~~~---------------------------------
Foeniculum vulgare 

GauJtheria fragrantissima 

Grewia glabra 

Hebiscus abelmoschus 

Hedychitan sps. 

Heracleum nepalense 

Houttuynia cordala 

lnula cappa 

Juglans re'Jia 

Juniperus recurva 

Juniperus indica 

Lagg~ra alata - shuttj 

Larix himalaica 

Lantana cam,..ra 

Legoseptrum canum 

Linguleria si~rica 

Magnolia gr~ndifiora 

Melia azed0~.1ch 

MP.ntha arvi:Jnsi s 

, , piperi ta 

1.54 

0.9 

0.12 

0.18 

0.11 

0.33 

0.12 

0.23 

0.02 

1.37 

0.43 

0.5 

0.75 

0.14 

0.15 

3.7 

0.17 

trace 

0.5 

0.4 
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~~~----------------------~-----------------------------

Name of Plants Oil % (v/w) 

--- I - ----------------------------------------------------

Michelia sps. 

Micromeria biflora 

l.\urraya koenigii 

Nardostachys jatamansi 

Nepeta ruderalis 

Ocimum americanum 

' ' bacilicum 

, ' kilimandischaricum 

Osmanthus f ragrans 

Pelargonium sps. 

Piper longum 

Pi nus roxburghii 

' , wallichiana 

Pyrus pashia 

Rabdosia coetsa 

Raphanus sativus 

Rcsmarinus sps. 

Salix sps. 

Seneao densif lorus 

Skimmia laureola 

0.35 

0.7 

0.43 

3.38 

0.39 

0.6 

0.89 

5.7~ 

0.5 

0.3 

0.2 

0.11 

0.55 

0.06 

trace 

0.07 

2.33 

0.09 

0.33 

0.8 - 1 .6 
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~~---------------------------------------------------
Name of Plants Oil % (v/w) 

--------------------- --------------------------
Sugandha kokila 

Tagetes glandiflora 

Tanacetum nuliglungla 

Thymus serphyllwn 

' ' vulgaris 

Tsuga dumosa 

Valeriana wallichii 

Vetiveria zizanioides 

Viola sps. 

Vi tex negundo 

Zanthoxylum alatum 

Zingiber officinale 

5.2 fruits 
2.9 leaf 

0.27 bark 
0.1-0.J wood 

0.22 root 

1.22 

0.8 

1 .16 

1.07 

0.48 

0.8 

3.24 

0.23 

0.2 

2 - 8 

0.6 



S. No. 

1 • 

2. 
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As a result of screening \·:ork, a number of plants have been 

identified as of value for economic production. These plants 
for Y.-hich methods are developed for commercial production 
of their essential oils are given in Table 3. Plants which 
are und~r investigation for their exploitation are given in 
Table 4. 

Table 3 

Plants for which methods are developed for commercial 

production of essential oil. 

Plants Name 

Sugandhakokila 

Zanthoxylum alatum 

Parts 

Fruits 

Fruits 

Present Status 

Cou;merciall y produced 
~nd for eY.port 

Commercially produced 
and for export. 

3. Acorus calamus 
(Calamus oil) 

Hhizomes Commercially produced 
and for export. 

4. Pinus roxburghii 
(Turpentine oil) 

iiesi n 

5. Gaultheria fragrantissima leaves 

(Wintergreen oil) 

6. Skimrria laureola Leaves 

7. Eucalyptus camandulensis Leaves 

Commercially produced 
and for export and for 

local consumption. 

Commercially produ~~d 

and for Pxport. 

Process technology 

developed. 

Process technology 
developed for medi
cinal eucalyptus oil 
r.ich in ccniole. 
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Table 4 

S.No. Plant Name Parts Present Status 

1. 

2. 

J. 

4. 

---
Pine needle oi 1 

.Juniper berries oil 

Cinnamomum camphora 

Li tsea ci trata 

Leaves 

Berries 

Leaves 

Fruit 

Experimental stage. 

Experimental stage. 

Experimental stage. 
Uneconomic. 

Experimental stage. 
Unecono1::ic. 

The wide salubrious clim~tic variation available within the 
country provide a very f avourdble setting to introduce 
commercially important aromatic plants for cultivation from 
other parts of the world. It is ~stimated that over 200 

essential oils derived from plant ~ources are of econ0··:ic 
importance in the world market. The size of the world mark~t 
is of the order of U.S. S 1.5 billion. Even if a small part 
of these essential oils are produced within the country 
it will bring in extra income. Keeping this in mind, the 
Department has introduced a number of exotic essential oil 
bearing plants within the country and development work 
relating to growth rPsponse, oil content, quality of oil and 
processing technology of the introduced plants were studiec'. 
Of the many exotic plants the following have been success
fully established and at present, some of these are under 
colMlercial cultivation. 



Name of the oil ---- - - --
Mentha arvensis 

Mentha piperitta 

Lemongrass 

Palmarosa 

Citronella 
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Status 

Conunercial 

Experimental/commercial 

Co1J111ercial 

Commercial 

Conunercial 

Prior to commercialisation of the above mentioned oils 
the following systematic studies were undertaken. 

1. Introduction and ~stablishment of exotic plants at 
herbal farms located at di ff l'rent agro-climatic zo!les. 

2. Standardisation of harvesting and distillation 
process. (Load, te1;ipi:-rature and d•Jration) 

3. Analytical control for each batch distillation. (For 
this purpose a batch control form for the production 

of essential oil is fillc~ at the site of distillation 

and a sample of the oil from each batch \•:as subjected 
to the gas liquid c~romatography (g.l.c.) examination. 
Physico-che~ical analysis of representative samples of 
the oils were carried out following the methods descri
bed in British Standard Methods of Test for Essential 
Oil (B.S. 2073; 1976). 

A number of other convnercially important aromatic plants 
have also been introduced (Table 5) and the results of 
suitability for their extensive cultivation are awaited. 
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Table 5 

List of commercially important aromatic plants introduced 

!~ Y!~~~ h!!~~! !!!!!!~ .!2! £~!!~!!~~ !~~!£~~ 

1 • Abe1moschus moschatus 

2. Acorus calamus 

3. Artemisia bubia 

4. A. orbritum 

5. A. pal lens 

6. Carum carvi 

7. Coriandrum sativum 

a. Eletteria cardamomum 

9. Eucalyptus citriodera 

10. Foeniculum vulgare 

11. Geranium nepalensis 

12. Jasminum sambac 

13. Lavandula spica 

14. L. vera 

15. Mentha citrata 

16. M. spicata 

17. Nyctanthus arbor - tristis 

18. Ocimum basilicum 

19. Ocimum kilimandischaricum 

20. o. fennif lorl.D11 



In order to meet the demand with a su~;tained supply 
of Sugandha kokila fruits it hus become essential to 
commence a programme of plant~tion with this valuable tree. 
Accordingly, studies were conducted at Godavari for its 
gennination from seeds. A two-year study resulted in 
finding suitable time for germination and this study 

resulted in preparinq 30,000 seedlings f0r their plantation 
at different parts of the country. A major portion of 
these seedlings is in the process of transfer to the 

area where it has well adopted. Pl~ntation wor~ will 
be undertaken in a higher scale in coll<Jhoration v:i th 
the Forests Department. 

~!£~!~!!!: I ts botunical identity rc1aains to lie established. 

Note: For the work on fixed oil from spent br:rries of 
sugandhakokilz see sep.'3rate report. ( Project f.Jo.5) 

15.6.2Timur Oil -----
Zanthoxylum alatum (syn. ~· armatum) local n.'3me: Timur 

grows wild throughout the mid-hill region of fJepal. I ts 
fruits are used as spices. The fruits, on hydro-distillation 
yield an essential oil (2.3 - 8.1 percent v/w) with 

characteristic odour. Analysis cf the oil hy a combination 

of chromatographic and spectroscopic technir:ues showed 65 
components out of which 13 major components were identified. 

Of the components identified for the first time wereo(-pinene • 

.(.-thujene, r-pinenc:, sabinene, t• -cymt?n~, terpinen -4 - Ot, 

pipcritone, carvon and cuminaldehyuc. The presence of myrcene, 

limonene, linalool and methyl cinnamate in the oil was 

reconfirr.ied. The major constituents in the oil are limonene 
(27.0 %) and linalol (53.9 %). 

Further works on tho ilvailahility, trilde practices ilnd 
quality assessment of timur fruits were carri0d out • 

. . . I .. . 



- 61 -

As a result of R & D efforts, the timur oil also has 
been introduced to the essential oil market as a product 

of Nepal. The oil has found acceptance b~, perfumery in
dustry. 

EE~~!~ml The price of the raw material fluctuates to the 

extent that it become uneconomical in certain years 

to process timur fruits for its oil. For example: 
Price in 1982 Rs. 5 - 8 / Kg. 
, , ,, 1988 - Hs.40 - 50 I Kg. 

15.6.JQ!! 2f ~!~!£E9E~~~ 

Gaultheria fraqrantissima is found growing wild in the 
mid-hill region of central and eastern part of r~pal. Its 

!-?aves arid twigs, on hydro-di~tillation yield oil of winter
greP.n (0.9 ~ v/w). The physico-chemical constants of the 
oil is comparable t0 thot of \·:intergreen oil from ~rocu
bens produced in America. 

Gas liquid chromatooraphic analysis of thP. oil revealed 
11 components of which methyl salicylate (97 %) and longi
f olcne { 0 .8 /~) were identified. Other mi nor si gnif leant 
compon~nts of the oils were fentatively identified ~s 

3 . 
o1.. -pinene, p-pinene, ~ -carene, humulene and caryophyllene 
oxide by using GC - MS. 

Methyl salicylate which accounts for the major compo
nent has a wide application in pharmaceutical and flavour
perfumery industries. 

In view of ex,loitinq this pctential raw material as 
a source cf methyl salicylate, some parameters such as 
seasonal variation5 and m1 ·thocl of distillation to rmximi!>'.? 

the yield of the oil were studied. 

. .. I .. . 
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Acorus calaraus ------ -------
Acorus calamus (Nepali name: Bhojo) is found •)rowing 

wild mostly in the ~·:cstern anti Central re']ion of Nepal 

(Altitude 1300 - 2550 meters). Export figures of calamus 

rhizomes to India for the following two years are: 

Year 

1983/84 

1984/85 

Y~!!!!!I 

11,557kg 

14,329kg 

Y~!~~-i~~.!l 
56,000/-

1,61'000/-

{ Source: Foreign Trade Statistics Published by Dept of 

Customs, Ministry of Finance, H.t.1.G.). 

Hydro-di sti Jla ti on of coarsely powclered calamus rhizomes 

yielded a yellow - brownish oil (yield 4 % ). Gas liquid 

chromatographic analysis of the oil showed n-asarone as 

maj0r con':' ti tuent, the c0r.ti:>nt of which varied between 78 

to 91 percent. 

Herbs production and processing Co. Ltd. sponsored a 

project of developing distillation method for comr.:•.>rcial 

production of calamus oil. Accordin?lY several batrhes cf 

distillation of calar1us oi 1 both in b~nch scale and pilot 

scale were carried out. Several paramO? ters such as dura lion 

of dis till a ti on, steam/water distillation, prior treatment 

of the powder matc~ial etc. were taken into consideration. 

A techni~al report for the nroduction of calamus oil is 

prepared and handed 0•1er to HPPCL on April 1987. On request 

from HPPCL one of the scientist from iWRL wll r, deputed to 

study the problems encountered by ~WPCL during distillation 

of calamus (16 - 18 Nov., 1988). Approµri.:te recommendations 

were made for adoption by HPPCL of process technology 

developed at HDnL. 

. .. I . .. 



15.6.5 

63 

On arrival of U?-nDO Expert Mr. Narsimha, this proj~ct 
was once again undertaken on Feb. 1988 at RDRL with an 

objective of further improvement on process development 
for the distillation of calamus oil. Based on this study 
a technical report is prepared. 

Eucalyptus camandulensis is grown under reforestation 
program at Sagarnath with an objective of m~eting fuelwood 
demand of the country. The leaves of this plant i~ a waste. 
In order to find out the possibility of convertin~ this 
waste into a useful product a study was commenced. The study 
involved distillation of leaves to obtain eucalyptus ojl, 
seasonal variation of oil and also its major constituent, 

possibility of selecting bPt ter clon'? for high yielding 

variety in terms of fuelwood and essential oil etc. ~ brief 

account of this study is given below. 

Leaves of E. c~n~ndulensis on hydro-distillation yielded 

an oil (up to 2.5 ~ v/w, average 1 % ) which on chrom~togra

phic analysis showed the presence of ,,1_-pinene, fl -pinene, 

limonene, cincole, borneole, tcrpenole and other unid~nti
fied minor compon~nts. 

§£~~~~~! Y~E!~i!~ St.~~y on E. £~~~!2~!£~!!! 

Leaves from a l.:irge number of individual trees were 

coll0cted every fortniqht and the total volatilP. oil and 
cineole cuntent were determined for on{? year. It was found 
that the oil content variation among~~ individual trees was 

0.25 to 2.5 %, the majority of the tree however had more 

than 1.0 %. Similarly the cineole content also varied 
between 6.6 to es %. The meijori ty of the plant yielded 

... I . .. 
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oils which have more than 55% cineole co~tent. The seasonal 
variation in the oil content was not significant. In view 
of such a diversity that exists amongst the plants clonal 
plantation of superior candidates has become essential to 
m~ximise the project ~nifit. Accordingly tissue culture 
method of large scale clonal production was tried and the 

initial results have shown that this method has a possible 

c~rcial application. 

!:!!!li~at!_2!! ~! ~ oil fro~ f • ~~!du!~~~!~ 
British Pharmacopoca describes eucolyptus oil and 

-:tates the: t the oil should contain not less than 1<1,{, w/1/1 

cineole. In order to meet this requirement, the oil disti
lled from E. camandul~nsis was reclified to obtain an ~:1 
with over 70% cineole content (yield 75~). The rectified 

oil is usNl in various medicir:~l preparation v:ith satisfactory 
results. Hoyal Drugs Ltd. hos a:,pr0ved the oil for use 

in their various forrnulalt:-d p!·oduct.s. 

1. Sugandha kokila oil t..:-.s been d['velop!?tj as a new essential 

oil and marketed. Fixed oil from Sugandha kokila berries 
has a gredt economic ;otential. 

2. Timur oil from Zanthoxylurn alatum fruits h.15 been 

developed and its marketing has started. 

3. Techno-economics on the production of wint0rgreen oil 
oil from Gaultheria fragrantissima leaves have been 
worked out and i l is identifi0d as a potential product 
for export. 

4. Techno-economics on the production of Caldmus oil from 
Acarus calamus rhizomtJs haw~ h'-'.·en \':ork~d out and tht? 

oil is produced comm~rcially for export • 

. . . I . .. 
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5. ~!!f!!!Ie!!!! ~!!!!!._~!!~is has been id:•nti fied ris a 

~w source of eucalyptus oil (cineole type) and 

process for the production of Pharmacopoeal grade 
oil is being worked out. 
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Project No, 16: Development of Quality Standards 

for plants used in Ayurvedic Drugs 

16.1 Backqronnd 

Ayurvedic system of medicine is widely accepted & procured 

in Nepal. and Ayurvedic drugs continue to be in considerable 

demand. The Government is running an Ayurvedic drug manufacturing 

unit i.e. Singh Durbar Vaidyakhana (SDVK) on a no loss no gain 

basis. SDVK has chosen twenty-five formulations as its priority 

preparations and these are regularly manufactured in this factory. 

For the preparation of these drugs 107 different medicinal plants 

are used. The collection of these plants is carried out by local 

people, who do not have knowledge of identification. and many 

collect a wrong plant because it has a similar name. There is 

also the chance of ~dulteration. 

16.2 Objective 

To develop pharmacogonotic standards for plants used in 

important Ayurvedic drugs. 

16.3 Work done 

Considering these facts. Royal Drug Research Laboratory has 

initiated a project to prepare standards for these plants for 

proper identification, quality control and analysis. Such 

standards for twenty plants were prepared and compiled in 1986 

in a book entitled " StanJards of Ayurvedic Crude Drugs: Volume -

l". Volume 2 of this series has been complet~d which also 

contains standards on another twenty plants. Works on further 

twenty plants is completed and it is at typing stage. 

The attached tables provide lists Of the 107 plants for 

which the st~ndards are being prepared. 

16.4 Conclusion 

Volumen 1 of the series was s~nt to various r~lated 

organisations for their comments which were favourable. 
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1. Acorus calamus (rhisome). 

2. Aconitum spicatum (root). 

3. Amomum subulatum (fruit). 

4. Cinnamomum tamala (leaf). 

5. Cinnamomum zeylanicum (bark). 

6. Cuminum cyminum (fruit). 

7. Datura metel (leaf). 

8. Datura metel (seeds). 

9. Elettaria cardamomum (fruit). 

10. Embelia ribes (fruits). 

11. Foe~iculum vulgare (fruit). 

12. Glycyrrhiza glabra (root and stolon). 

13. Picrorhiza scrophulariaeflora (root and rhizome). 

14. Piper longum (fruit). 

15. Piper nigrum (fruit). 

16. Swertia chirata (plant). 

17. Perminalia belerica (fruit). 

18. Terminalia chebula (fruit). 

19. Valeriana jatamansi (rhizome and root). 

20. Zingiber officinale (rhizome). 

Table 2 

~!~£_£!_~~£_E!!~£~-~£~~!!££~-!~-~£!~~£-~-i~~!~-~£~E!£~£~~ 
!~£~£-~~-E~~!!~~l 

1. Aegle marmelos (fruit). 

2. Butca monosperma (seed). 

3. Carum carvi (fruit). 

4. Ccdrus dcodara (bark). 

5. Coriandrum sativum (fruit). 

6. Curcuma longa (rhizome). 

7. Curcuma zedoaria (rhizome). 
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8. Eclipta prostrata (plant). 

9. Holarrhcna antidysenterica (seed). 

10. Hahonia napaulensis (bark). 

11. Hyristica fragrans {seed). 

12. Nardostachys grandiflora (root and rhizome). 

13. Phyllanthus emblica (fruit). 

14. Piper longum (whole plant). 

15. Plectranthus mollis (whole plant). 

16. Rauwolfia serpentina {root). 

17. Saussurea lappa {root). 

18. Solanum nigrum (fruit). 

19. Tabernaemontana divaricata (whole plant). 

Table 1 

List of the plants described in volume 3 

(On process of completion). 

1. Adhatoda vagica (leaf). 

2. Apium graveolens (fruit). 

3. Asparagus racemosus (root). 

4. Azadirachta indica (leaf). 

5. Cannabis sativa (branches). 

6. Ci~sampelos parcira (tuber). 

7. Coptis teeta (rhizome). 

8. Cyperus rotundus (tubera). 

9. Hollarrhena antidysenterica (bark). 

10. Nigella sativa (seed). 

11. Operculina turpethum (root). 

12. Oroxylum indicum (bark). 

13. Punica granatum (pericarp of fruit). 

14. Rubia cordifolia (root). 

15. Solanum xanthocarpum (fruit). 
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16. Symplocos paniculata (bark). 

17. Sysygium aromaLicum (flower bud). 

18. Tinospora cordifolia (stem). 

19. Trachyspermum ammi (fruit). 

20. Woodfordia fructicosa (flower). 

Table 4 

List of the plants for which the standards.have to be worked out 

1. Abies spectabilis. 

2. Acacia catechu. 

3. Aconitum heterophyllum. 

4. Aegle marmelos (leaf and seed). 

5. Allium sativum. 

6. Aloe succortrina. 

7. Areca catechu. 

8. Bacopa mionniera. 

9. Baliospermum montanum. 

10. Bambusa arundinacia. 

11. Berberis aristata. 

12. Cinnamomum camphora. 

13. Croton tiglium. 

14. Cubeba officinale. 

15. Commiphora mukul. 

16. Curculigo orchioides. 

17. Cyperus scariosus. 

18. Desmodium gangeticum. 

19. Desmotrichum fimbriatum. 

20. Ephedra gerardiana. 

21. Gmelina arborea. 



22. Suizotia abyssynica. 

23. lchnocarpus frutescens. 

24. Jasminum auriculatum. 

25. Leucas cephalotes. 

26. Nimosa pudica. 

27. Hagnifera indica. 

28. Hyristica malabarica. 

29. Nymphaea stellata. 

30. Ochrocarpus longifolius. 

31. Ocimum amoricanum. 

3Z. Ocimum sanctum. 

33. Papaver somniferum. 

34. Piper chaba. 

35. Plumoago zeylanica. 

36. Premna integrifolia. 

37. Prunus cerasoides. 

38. Pueraria tuberosa. 

39. Pongamia pinnata. 

40. Scindapsus officinalis. 

41. Stephenia hernandifolia. 

42. Strychnus nux-vomica. 

43. Tribulus terrestris. 

44. Trichosanthes dioica. 

45. Vetiveria zizanioides. 

46. Valeriana hardwickii. 

47. Vanda roxburghii. 
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f!~i~£!_~2~17: De~~!~E~~~!-~!_!~~la!~~~~~ed 

2!!-~Y~E!~2!£_dr~~ 

1 7 • 1 !!!£!9E2~!!d: 

Ayurvedic system is widely accepted and practised in 
Nepal, and at a rough estimate about 80~ of the people 
of Nepal ""would be depending upon Ayurvedic d~gs. Many impo: 

tant medicinal herbs are available in big quantities in 
Nepal due to favourable geographical conditions. In most 
of the Ayurvedic prf·para tions, standardisation of crude 
herbs and finished products are not done scientifically 
so their action can vary from batch to batch. The pre
paration of standardisP.d formulation Jased on Ayurvedic 
prescriptions, following good manufacturing practises, 
particularly for some conmon ailments, therefore seemed 

of importance for making hetter use of Ayurvedic dru<Js. 
Other aspects are to en5~re safety of these drugs by 
toxicity studies, develop ~·w dosage forms for ~~~e of 
administration & bettPr acceptance for taste & odour. 
This project describes the work d~_ne in this area. 

a. Develop new formulations based on Ayurvedic drurjs 

for use in modern therapeutics. 

b. Develop suitable standards for raw materials & 
finished products. 

17 .3 Qy!Qy! 
The followinq fonnulations have been developed, The 

details of their ingrerlicntsP. costaret.1iven in Annex. 

1. Deep Heat Cream for pains 
2. Pine Oil Disinfectant 
3. Turpentine Liniment 

... I . .. 
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4. Anti cold and Antirheuma tic Oil 

5. Anti cold and Antirheumatic Balm 

6. Hauwolfia Alkaloid Tab. 
7. Cough Lozenges 
a. Centella Asiatice Cream for wound healing 

9. Laxative-Rhubarb Tablets 
1 o. Antidiarrhoeal Tablet 
11 • Antacid and Antiulcerous Tablet 
12. Cap'Sicllft Ointment 

Of these formulation Royal Drugs Ltd. has accepted & 
undertaken to market the Deap Heat Cream, Rhubarb Laxative 
and Anticold Antirheumatic oil for the present. 

f !:!!!:!!~ ~2!! 
1. Private industry is also being contacted for marketing 

of these formulations. 

2. More such standardised formulil•ions for othE-r important 
diseases will be developed in consul ta ti on with user 
industries & Ayurvcdic physicians. 
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Project No. 10 Chemopharmacological investigation of medicinal plant~ 

Background 

Nepal is endowed with a rich resource of plant species. 

Some of them are used by Ayurvedic physician or by local people as 

traditional remedies, but many of them do not find any reference 

or mention of their biological activity. Both with a viev to 

explore this rich resource for development of new drugs, as also 

to scientifically verify the claims of the plant used in 

traditional remedies, it was considered of interest to systema

tically collect plants from different regions of Nepal and 

screen them for their biological activity. Those which show 

activity could then be subjected lo detailed chemical investi

gation with biological activity monitorinq for development as 

new drugs. This is of particular logistic benefit as teams of 

botanists and plant collectors visit different parts of Nepal 

under the project for economic mappinq and somP. team would be 

able to collect plants for biolo~Jical screening also. 

18.2 Objectives 

To screen plants of Nepal for pharm..~coloqical activity using 

the following tests. 

1. Gross behavioural activity and acute toxicit_ y test. 

2. Antifertility activity 

3. Anthelmintic activity ( Antitapewoorm) 

4. Cardiovascular activity 

18.3 Methods 

Extract: 50% alcohol extract after vacuum dryding at low temp, 

was used for test. 
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a. Gross behavioural and acute toxicity test was conducted 

according to the table as given in Appendix. 

b .Effects on isc~ated tissues~ilcu~ and anococuggeus 
muscles of rat were used for the test and other parameters us 

were as found in standard method. 

c. Antifertility activity is tested on rat and observed for 
antimplantation and foetal loss. 

d. Anthelmintic activity was h ..... t-.. ed in mice infected with 

hymenolepis nana and conclusion was deduced on the basis 

of complete removal of infected parasites 

18.4 Output 

a. ~~ross behavioural activity, acute toxi~ity and effects 

on islated tissues. 

DJring thi~ period 27 plants have been investigated 

f"nr toxicity and qross behaviour and in isolaLed tissues 

(Appendix ). WeaK spasmolytic activity were found in 

Anagalis arvensis, Cipadessa bacifera, colebrooKia 

oppositifolia, Elephantopu~ scaber, Portulaca olParaceae, 

Plumbaao zeylanicum, Ficus bengalensis, Salvia plebia, 

Sphaeranthus senec_plensis, Boenninqhausenia al bi flora, 

Euphorbia hirla, Tadehagi triguetrum, Morina lonqifolia 

and Innula cappa. Among these plants that showed contractions 

in anococy~eus muscle, in which cor.traction is caused by 

adrenergic liKe drugs, are PortuJ .,.,..<i olearacea, Plumbago 

zeyl:.mic~m and i· icus benqalensis. Planls Showinq blockinq 

pffect in anococcyqeus muscle also are PlumP.ria rubra, 

Colebrookia oppositifolia, Salvia plebia, Sphaenmthu!=: 

senegalf?nsis, Boenninqhausen fa al bi flora and :::uphorbia hi rta. 

The activity in som~ of these tP~ls was ~tronq enouuh to 

warrant delalied testing. 
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b. Antifertility activity 

}0 plants screened for their antifestility are 

giren in Appendix Out of th~se Plumeria rubra and 

Acacia concinna showed 60 % and 40 % inhibit1on of 

implantation at the dose of 400 mg/ kg and 25 mg/Kg 

respectively. An interesting finding is that Acacia 

concinna which is generally used in hair oil showed 

foetal loss of 53% at the dose of 25 mq/kg. 

c. Anthelmi~tic activity 

This test was performed for 11 plants using in 

vitro techniqu~. However in vivo method was also tried 

for 25 Plants (Appondix ••. )The sesult did not show 

100 % effect except with ~~Jlotus phillipensis, which 

is mentioned in traditional medicine for the same 

purpose, but. in view of its texiuty is not 1'1idely used. 

d. Cardiovascular activity 

10 plants were tested for their cardiovascular 

effect in rat (Appendix ) Most of plants showed no 

effect or transient fall in BP. But Potentialla peduncu

laris showed a fall in BP for short period. 

13 Plants of aconite species were tes~ed for 

acute ,tOxicity (Appendix .•• ). To a certain extent the 

result obtained has bec'l v<tluable to differentiat.e 

poisonous plants from non-poisonous one. 

Hypoglycemic test conducted on plants are listed 

:i.n Appendix 
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Plants tested for microbiological activity and their 
phytochemical screening are listed in Appendix. 

18.5 Conclu~ion 

The manpower and other resources available for this 

work are limited, and to make D>st effective use of ~hese 

resources it has been suggested to restrict the work in 

this project to the following specific tasks. 

a. Acute toxicity and qross behavioural study of plant 

extracts. 

b. Toxicity study of new druqs and formulation developed 

c. s~~eening of extracts on isolated tissues and for 

cardiovascular activity. 

d. Antifertility activity in fpmale rats. 

-
-
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Project No. 19 Analysis of Drugs referred by Department of 

Drug Administration (ODA). Private & Public 

Pharmaceutical Companies and other organisatior 

Background 

RDRL has been designated as the staturary analytical 

laboratory by the Ot?partment of Drug Administration. rurther 

nost of the industrial units in Nepal are too small to have 

their own Quality Control Analytical Laboratories. But quality 

control assurance is most necessary for market acceptance of 

their products. 

Objective 

The main objective of this project is to conduct testinq 

and standaruisation of dru9s and allied materials referLed by 

Departm~t of Drug Administration {ODA), Private & Public 

pharmaceutical companies and other organisations. 

Tasks 

1. Laboratory testing for quality assurance of drugs marketed 

in Nepal. (:or this purpose the DOI\ is supplyinq a number 

of marketed samples of both Indian and Nepal oriqin for 

laboratory analysis) 

2. Provide quality control servicP.s to the loc?l pharmar.eutica 
companies. 

3. Provide analytical services to private and public 

organisations for other products ~uch as c~ude herbs 

and drugs, alcoholic beverages, chemicals and allied 

materials. 

4. Develop suitable analytical methods and also verify thP. 

analytical methods on pharmaceuticals provided by thP 

manufacturinq companif?S for their validity. (normillly 

pharmacopoE>al inethods an~ follow~d !or Lhr> anillysit> or 

medicine>s) 
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19.3 Output 

Samples received from the DDA. private and public 

pharmaceutical companies and other organisations vere analysed 

and the analyt.ica. reports were provided to the respective 

organisations. Details of the number of sam~les analysed 

during 1982/63 to 1967/~8 are given in the following table: 

Table 

S.No. • Year Dept. ;)f Drug • Private & public'Other organisations"Tot 

1. '1982/83 . 
. 
. 

2. '1983/84 . 
. 

3. '1984/85 • . 
4. '1985/86 . 

. 
5. '1906/87 ' 

. 
6. '1907/08 . 

' 

Administration ' pharmaceutical 

• c•:»mpanies 

No. of samples 

Received: 151 19 

Analysed: 115(36)•• 19 

ReceivP.d: 150 63 

Analysed: 102(48) ... 63 

Received: 75 151 

Analysed: 55(20)•• 151 

Received: 85 137 

Analysed: 55(30)* ' 137 

Received: 66 244 

Analysed: 41(25l* . 244 

Receiveds 34 104 

Analysed: 24 104 

24 '19L 

24 • lSl 

224 . 43~ 

224 . 48~ 

151 •JT, 

151 . 35-

118 . 34l 

118 • 31( 

58 • 361 

58 . 34: 

64 • 20~ 

64 • 19; 

* The figures in parenthesis show the number of drugs whic~1 could not 

be analysed due to non-availability of methods of analysis. The DOA 

is being requested to s~nd the analytical methods. 

** The figures of fiscal year 1987/88 is for 10 months only 

(i.e. from Jyly 1987 to April 1980). 
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Problems 

1. Non-availability of analytical procedures for combination 

drug formulations. 

2. Difficulty in procuring reference and working standards on 

a regular basis (reference standards are expensive). 

3. Inadequacy in Biological testing facilities. 

19.4 Recommendations 

1. Arrangement should be made to obtain analytical procedures 

from the manufacturing companies specially for the combination 

drug formulatic~s. 

2. Appropriate mechanism should be evolved for a reqular supply 

of reference and vork.inq standards. 

3. Biological testina facilitie~ have to be strenqthencd. 

4. Personnel involved in quality control work should be ~xposed 

to regional/international druq quality control meeting and short 

visits to th~ quality control laboratory of developed as weil as 

developing countries is highly de~irabl~. 

s. In view of the ever continuing escalation in prices cf chemicals 
and equipment, the cost of analytical services is rising. It is, 

therefore, necessary to increase the funds provided for runninq 
this services. In part this can be done by charging for analysis 

the samples referred by the ODA, as is done for samples sent by 

private companies. The DOA can in turn charge the companies vhos~ 

samples they send for analysis. 

6. To upgrade the analytical facilities of J!DJ-:L it should be 

allowed to retain at least 50 % of the money received by 

it for the analytical services provided. 
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Project No.20. 

Economic Happing of Medicinal and Aromatic Plants. 

20.1 INTPOIXJCTION 

The diversity of physiography due to the altitudinal 

and climatic variations has made it possible to lodge almost 

all types of climate from tropical to 3lpine in Nepal covP.ring 

merely 141,000 1cm2. Hence, a large number of medicinal s~ecies 
are available in the Nepalese spontaneous flora. The wealth of 

medicinal plants JMY be considered as one of the important 

natural resources for the economy of this Himalayan country. 

Many of the prominent herbal drugs being utilized presently by 

many organized and recognized systems such as Ayurveda, Unani, 

Homeopathy, Allopathy, etc. happens to qrov in this country 

spontaneously. At the same tim~. we have also a very old and 

stronq tradition of us~ of mPdicindl plants in our local 

traditional systems. 

Apart from these, for the establ~shlnent and expansion of 

local productions based on medicinal ~lanls, we need to know 

the q~antity and quality of raw materials wnich are available 

ir. particular areas of the country. It. also appears high timr. 

to emphasize l.lp<>n the importance of Natural Product JH!search, 

which is actually a systematic investigation of natural 

products designed to develop the natural resources of a 

country (Dhoubhadel, 1902). 

Economic mapping of medicinal plant resource of an ar~a 

is, therefore, to estimate their productivity quantitatively 

as well as ·1uali ta ti vely for economic potentiality (Bhat tara i, 

1984). At the same time, it also involves the concept of 

controlled exploitation, with a view to safequard the ~xistanc0 

of the spr!cies and their smooth-flow of the optimum productivity 

in thn study area. 
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Uncontrolled collection of herbs from a particular locality 

for a number of contineous years ultimately leads to the extinction 

of the species from the area, and may be from the world, if due 

attention is not paid before it is too late. 

In India, our neighbour, Ahluwalia, as far back as 1952, 

argued in favour o~ s~me~hing resembling the economic mapping of 

medicinal plants, on the basis of statistics which shoved a 

progressive reduction in the surply of herbs from the Kangra 

district, Punjab. He.suggested their exploitation by rotation 

ta allow the plant sufficient ti~e for nat~ral regeneration 

(Ahluwalia, 19)2). 

In the following compilation, datr from 7 previous reports 

has been presented in a tabular form. It. includes the district 

and season of the field survey, route followed, nurr.bcr of species 

considered and the total ~arvestable quantity of herbs and 

essential oils along the route followed, from each report (Table 1). 

The quantity of herbs and ec~nntial '>ils obtained from each speci0s, 

previously described in each report, has also been presented in 

separate tabl~s (Table 2-8). Table 9 includes the overall quantity 

of each herb and essential oil from all the 7 previous reports 

combined. 



Table 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-·~~~~~--

~ .. 
~ .... 

: 1 ' 

Jistrict & 
14urat!on of 

!'iel<l survey 

(2) 

Ju~~l a ~ 

:~ 'l £"'..;. ; 

Y:t.:t-June, 
, :")~ l, - ,/...., ... 

.Su!"'k~ar., 

~1i:-?kh, 

:\:i.l:~ot 

£ J~:-?13.; 

AU$.-S'?pt. 

'J.~ ~ - . -

R.outt3 followed 

( 3 ) 

Jumla-Chauda~abise khola

Dhaulidaha; 

Jumla-Jaljale-Hadsija

Chuchamara-~hatyar 

~hola-Rara-Gumgadi-Pina

:: h u 1 b h u l e - D a n fey : 

Ju?:1la-Tatop1ni. 

Surkhet-Rani~atta-Dailekh-

Mabu-Nag~a-Tato~ani-~agma

Hadsija-Chautha; 

Danfey-Pat~ara-Jumla; 

Bhulbhule-Chautha-Danfey; 

Jumla-Dhaulidaha-Talphi-

Jeochaur; 

:unl'l-l'ato:-::i.!'li. 

~lo. of 

specie;:; 

cnnsidored 

( !: ) 

40 

58 

Ha:-vestable 
quantity of 
herbs & ess. 
oils along 
the route 
followert 

( 5 ) 

!1 e r b s : 5 e 7 . ~ 3 5 
tons 

Ess. oils: 44.27 
tons 

(Table 2) 

:terbs: '.355.705 
tons 

Ess. oils: 38 .8J5 
tons 

(Table 3) 

Re fe re nee 

( ~ ) 

Bojor dt al., 

198 4 . 

Bhattarai et al., 

l '· g 4 . 

Q) 

"' 



- ...., ' -'1--'? 

.. ~ 

3 . 

c o n <; i n 'l e d 

r ? ~ 
\ - ' 

S::=.:: ~ j a, ?:i.r':)a t, 

:?3.g:.t.:!!g, ~~J·a:;di 

~ ~!'..ls4;an5: 

Ap:-i:.-::..1.r.e, 

:?35 

:·: 3, S '-c 5.. ) s y 3, :1, ~ ._; 3, I 

?3.~~at,3a~1·1!'!~, 

~·~:·"3.:.i~i ~ 

~~·1s: 3.:1g": 

.: e ;~ ~ . - J c t . , 

:~35 

----- ----------
I: = ) 

?okha ra - ~; '1 '..lda.n1!a- Kus hn 'l-

8aglu~ g- 9e n i - Darb an~

Gurjakha.ni-:horpatan-

Seni-Tato~a~i-Jomso~-

Muktinath-~audnnda-

Pokhara. 

Pokha:-a-G~1~dr~k-

Ta t o ~n n i - ,: 'J :-: ::; on -

~uktin~~h-:1:~n!ni-

3 en i - :' r. or;: at 'I. n - 1.: a 1 ;~ o t -

Bag l u n 5 - ~; '1 ·.:·:!:ind 'I. • 

( 4 ) 

54 

43 

( 5 ) 

Herbs: 2094.285 
tons 

Sss. oils: 41.005 
tons 

(T·1.:jle 4) 

!1erbs: 997.905 
<;ons 

Sss. oi~s: 20.050 
';ens 

(Table 5) 

( 6 ) 

3h~ttarai et ~l., 

1935. 

Josh.l ot al., 

1985. 

00 
l,.J 



".:'a~le 1 conti: '.led 

( . ~ ( 2 ) 

5. :'hadin~. 

!:'.;. ~akc ~, 

:qasul.:a & 

Si~dhur'al:-~ok: 

Sept .. -C'~t., 
, "' ..... ,, -- ': ~ ~~ 

6. :.·~ku?:., Do lpa 

& ... ~u!:la: 

?-'.a:: - .~ u l :: , 1 9 3 7 

-----
I < 'i .. ' --------·----------- - --

Sundarijal-Hclambu

Gosaikunda-Lar.~tang-

r::: a n ,1 i n r - ~ :: al) rub 0 s i -

Dhunche-TriEhuli; 

~alekhu-~hadinrbesi

Trishuli-rhunche

Syabrube~i-Rasuaradi

Langtang-C~andanbari

Gosaikunda- ~hunche-

T~is!':uli. 

Chaurjhari-Simi-Dunai

Phoksundo-Gandala-Dunai

Tibrikot-Kaigaon-Maure-

Jur;.la. 

( 11 ; 

3 Cl 

23 

( 5 ) 

Herbs: 205.41 
tor. s 

Ees. oils: 43.0 
tons 

(Table 6) 

{ 6 ) 

E!latta:-a:l., 1986. 

Herbs: 53,485 E~attarai, 1987. 
tons 

Es3. oils: 124.3 
tons 

(Table 7) 

()) 
s:-



T&tle l co~tillued 

(l (2) 

7. F.a?:.echha;· and 

Dolak.1a districts; 

Jan.- Mar., 1985 

(3) 

Khurkot- Ramech.hap

Dhcbi- Bamti- Jiri
Charikot- Torikhet

La~abagar-Lumna.~f. 

( 4) 

12 

(5) 

Herbs: 71.05 
tons 

Ess. oils: 18.45 
tons 

(Table 8) 

(6) 

Bhattara1, 1988. 
~ 
V" 
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Table 2 

List of medicinal and aromatic plants alongvith the corresponding 

quantities that has been pro2osed to be harvested from the study 

area (Jumla and adjoining areas I; Bojor et al., 1984) 

Plant species Quantity (ton) 

1. Abies spectabilis 13.6 

2. Acorus calamus o.65 

3. Artemisia indica 0.75 

4. A. sicversiana o.6 

5. Berbcris aristata 0.525 

6. B. asiatica 0 .15 

7. B. wallichiana 0.1 

8. Bergenia ciliata 1.2 

0 Betu:a utilir. 3115. 75 , . 
10. Cedrus deodara 0.55 

11. Dioscorca deltoidca 9.85 

12. Dryopteris r.p. 4. 1 

.13. Ephedra gerardian~ 0.3 

14. Fragaria nubicola 1. 74 -15. Filipenrl11la vestit;:i. 0.025 

16. Hedera ncpalens i ,. 0.1 

17. Hippophae rhamnoidns 0.12 

18. Juglann regia 102.l 

19. .Juniperus indt~a 75.0 

20. Mentha longifolia 1.05 

21. Picna smithiana 5.92 

22. Pin11r. wallichiana ;:>Ii.? 

23. Popu lur. c i Un tri n.4 

;>Ii • PotnnU l la fuli;<m:> 1,. 3::' 

2'). Prlm11ln r.trumor.a () . ()') 



- 87 -

Plant species Quantitv (ton) 

26. Frinsepia utills 4.85 
27. Rheum australe 6.0 
28. Rosa macrophylla 0.125 
29. R. sericea 3.15 
30. Rumex nepalensis 4.295 
31. Salix babylonica 0.06 
32. Salvia B><>rcroftiana 0.6 
33. Sambucus hookerii 0.35 
34. Svertia chirayita 2.1 
35. ~:.rmus serphyllum 2.0 
36. Tussilago f arf ara L25 
37. Urtica dioica 0.1 

38. Verbascum thapsus 0.035 

39. Viburnum cotinifolium 0.44 
40. V. erube:;cens 0.2 
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_!.1st of medicinal and aromatic plants along vith the corresponding 

quantities that has been proposed to be harvested from the study 

area (Jumla and adjoining areas II; Bhattarai et al., 198\) 

Plant species Quantity (ton) 

1. Ables spectabilis 10.18 

2. Adhatoda vasica 0.365 

3. Agave mnericana 0.35 
4. Ageratum conyzoides 2.389 

5. Alnus nepalensis 5.6 
6. Amarnnthus spinosus 0.309 

7. Artcmisia indicn 11.108 

El. A. sicv<:>rsi:m:i l.8~5 

9. Azadirachta indica 0.78 

10. Berbcris aristata 0.945 

11. B. asiatica 0.855 

12. Bergenia ciliata 0.975 

13. Betula utilis 102.0 

14. Calotropis gigantea 6.6 

15. Caltha p~lustris 0.045 

16. Cannabis sativa 2.338 
17. Cs:;s ia· snphor:i 2.67 
18. Cedrus deodara 5.06 
19. Chenopodium album 0.05 
20. Datura Gtramonium J.37 
21. Dioscorea deltoidea 1. 71f5 
22. Ephedra gcrardiana 0.125 

23. Filipcndula vi?sttta 0.025 

24. rragaria nubicola 0.635 

25. Girar~inia palmata 1.283 
26. Hippoph:tc rhamnoiclcs 0.05 

27. Ipomooa aquatica 1.5 
;>IL .fat. roph;\ c11rc11r. 0.06 
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Plant species Quantity (ton} 

29. Juglans regia 65.1 
30: Malva verticillata 0.21 
31. Hentha longifolia 0.305 
32. Nardostachys grandiflora 1.0 
33. Picea smithiana 3.lt8 
34. P1nus roxburghii 2.88 
35. P. vallichiana 17.205 
36. Plantago major 1.855 
37. Polygonum molle 1.135 
38. Populus ciliata 1.65 
39. Potentilla fu!gens I.435 
40. Prinsepia utilis 2.7 
41. Rheum australe 9.2 
42. RhododP.ndr0n ~nthopo~on 0.1 
43. p arhoreum 316.22 
44. R. campanulatum 2.55 
45. Rosa macrophylla 0.09 
46. R. r:"ricea 0.135 
47. Rumex nepalensis 3.04 
48. Salix babylonica l. 78 
49. Salvia moorcroftiana 0.2 
50. Skimmia laureola 0.9 
51. Solanum xanthocarpum 1.3'.i 
52. Swertia chirayita 1.038 
53. Thalictrum foliolosum 0.025 
54. Urtica dioica 1.42 
55. Valeriana jatamar.si 0.5 
56. Vcrba~cum thap5uc 0.07 
5 7. Viburnum r~tlnifolium 0.12 
58. V. ,1:·utescen5 0.07 
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Table 4 

List of medicinal and aromatic pl_ants and the corresponding quantity 

that has been proposed to be harvested from the study area (Gandaki 

and Dhaulagiri zones I; Bhattarai et al., 1985) 

J>lant species Quantity (ton) 

1. Ables spectabilis 23.2 
2. Acorus calamus 5.3 
3. Adhatoda vasica It • 1 
It. Agave americana 2.0 
5. .Aln11s nepalensis 38.5 
6. Artemisia dubia 62.3 
7. Berberis aristata 44.2 
8. B. asiatica 18.75 
0 B. ...:allichiana 14.4 ; . 

10. BerF,cnia ciliata 2.9 
11. Betula utilis 390.0 
12. Butea minor 5.05 
13. Calotropis gigantea 0.7 
14. Cannabi.:; sativn 17.8 
15. Cas:;iJ:l sophora 9.6 
16. C. tora 12.65 
17. Centella asiatica 8.88 
18. Datura stramonium 8.5 
1 '). Dioscorea bulbifera lt2.0 
20. D. deltoidea 8.7 
21. Ephedra gerardiana 10.6 
22. Fraga1ia nubicola 12.85 
23. Girardiana p~lmata 0.1105 
24. Hipp(.;µhac rhal!l'10.lder: 0.125 
25. Jatropha curcaz 3.65 
26. Jur,lans rer,ia 56.o 
21 . . Tuniperuz 1n<lica 170.0 
::!A. T.ycl"rocH11m clnv:it11m 0.) 
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Plant species Quantity (ton) 

29. Mahonia napaulensis 0.335 
30. Hallotus philippense 0.6 
31. Paris polyphylla 3.9 
32. Pinus roxburghii 0.705 
33. P. vallichiana 11.1 
34. Plantar.o major 4.05 
35. Polygonum JOOll~ 0.15 
36. Populus ciliata 10.0 
J7. Fotentilla fulgens 11. 7 
38. Primula strumosa 0.01 
39. Prinsepia utilis 4.05 
40. Rhl"11m australc 2.0 
'~1. Rhododendron anthopogon 1.5 
112. R. arboreum 6~2.5 

113. F.. harbatum 110.0 
4;,. R. campanulatum 290.0 
45. R. setosum 22.0 
46. Ro5a macrophylla 0.15 
117. R. sr.ric'?n 3.75 
48. Ruinex nepalen~is 45.5 
119. Salix babylonica 0.4 
50. Solanum xanthoca7j:·wn 0.65 
51. Taraxacum off icinale 0.11 
52. Urtlca diolca 17.98 
53. Vibutnum r..otinifol1um 1. 73 
54. Zizyphus m.~uritlBna 0.1 
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Table 5 

Li~t of medicinal and aromatic plants and the corresponding quantity 

that has been proposed to be harvested from the study area (Gandaki 

and Dhaulagiri zones II: Joshi et al., 1985) 

Plant species Quantity (ton) 

1. Ables spectabilis 15.5 
2. Adhatoda vasica 11.0 

3. Artemisia dubia 13-5 
4. Berberis aristata 10.5 

5. B. asiatica 11.25 
6. B. vallichiana 6.0 
1. Boenninghausenia albiflora 0.8 

8. Cannabis sativa 1. 7 

9. Ca:;sia sophora 3.15 
10. c. tora 4.995 

11. Centella asiatica 1. 75 

12. Dioscorea bulbif era 5.8 

13. D. deltoidea 1.5 
14. Ephedra gerardiana 7.3 
15. Gaultheria fragrantissima 1.5 
16. Girardlnia palmata 4.25 

17. Hippophae rhallD'loid~s 4. 7 
18. Juniperus !ndica 0.] 

19. Mahonia napaulensis 0.65 
20. MaJlotus J.-hllippense 0.01 

21. Parnassia nubicola 0.35 
22. Phyllanthus emblica 0.5 

23. Pinus roxburghii i.55 
24. P. wallichiana J.O 
25. Plantago major 4.45 
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Plant species Quantity (ton) 

26. Populus ciliata 4.o 
27. Potentilla fulgens 0.8 
28. Prineepia utilis 2.8 
29. Rhododendron anthopogon 50.0 
30. R. arboreum 510(0 
J1. R. barbatum 180.0 
32. R. campanulatum 15.0 
33. Rosa sericea 0.5 
34. Rubia manjith 0.1 
35. Rumex nepalensis 11.5 
36. Solanum xanthocarpum 1.55 
37. Taraxacum officinnle 0.69 
38. Thymus serphyllum 1.25 
39. Urtica dioica 4.6 
40. Valerlana hardwickii 0.4 
41. V. jatamansi 0.05 
42. Viburnum erubescens 1.85 
1t3. Zanthoxylum armatum 1.0 
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Table 6 

List of medicinal and aromatic plants and the corresponding quantity 

that has been proposed to be harvested from the study area (Bapati 

zone I & II; Bhattarai, 1986) 

Plant species Quantity (ton) 

11. Ables spectabilis 31.6 

2. Adhatoda vasica 11.5 

3. Artemisia dubia 78.5 
... Berberis aristata If. 5 

5. B. asiatica 9.6 

6. Bergenia ciliata o.B 
1. Centella asiatica 6.7 

8. Dioscorea deltoidea 4,6 
Q. Ephedra gerardiana 0.5 

10. Gentiana prolata 0.3 

11. Hippophae rhal!D'loides If .0 

12. Juniperus recurva 20.5 

13. Lycopodium clavatum 1.0 

14. Mahonia napaulensis 3.1 
15. Mallotus philirp~nsP. o.B 
16. Pinua roxburghii 1.0 

17. P. vallichiana 10.4 

18. Plantago major 11.0 

19. Potentilla fulgens 6.5 

20. Rheum australe 0.6 

21. Rosa macrophylla o.4 

22 R. sericea 2.8 

23. Rubia manjith 0.5 

24. Rumex nepalensis 19.0 

25. Solanum aculcatiirn!.mum 4.9 
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Phnt species Quantity (ton} 

26. Svertia chirayita 2.0 
27. Taraxacum officinalis 0.3 
28. VerbascU11 thapsus (\.01 
29. ViburnU11 enibescens 8.5 
30. Zanthoxylum armatum 2.5 



- % -

List of •edicinal and aromatic plantz anrl the correspondin~ qunntity 

that has been proposed to be harvesteo from thP. study are~ {Dolpn 

Region I; Bhnttarai, 1987) 

Plant species 

}. Ahi~s ~pectabili~ 

2. A corm; c11.l 'll::n:: 

~· !~rberiz ~ri~t~ta 

6. Ji. :i~iaticq 

7. P.'?r.t;~nia cilint:t 

d. Cerlrus deort~ra 

9. Centella a~inticn 

10. nio:Jcorea bul bif r.ra 

11. Eph•?dra in t~r::l!!di:i 

};' •• Tunipen.m intiir.:i 

13. :ur.tici!l ?.•lhatodn 

14. ri 1;F.a s::ii th i ann 

l '.>· r~au:: roxbur:jiii 

16. P. wal tichian:i 

17 • Pl :.in tn r:o m a.i or 

10. Podophyllum he:.<Mctrum 

19. Pot.entilla ful1~enc 

20. Prin~epi:i utilis 

;:1. Hhcum :11Jr.t.rllle 

;;.. ·r ... raxacum officin:iJr 

1~m1. ~ity {ton) 

~o. ! =-t 

0.0~1 

}. 7 

1 •. ' 

1n.9r; 

3'J •. , 

49.) 

1.0'.l 

tl. ·~ 

0.1 '"i 

IJ./l-J 
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Table 8 

List of medicinal and aromatic plants and the corresponding quantity 

that has been proposed to be harvested from the "':tudy area (Ramechhap 

and Dolakha districts; Bhatterai, 1988) 

Plant species Quantity (ton) 

1. Abies spectabilis 2.8 
2. Acorns calamus 0.05 
3. Adhatoda vasica 1.0 
4. Artemisia dubia 1.1 
5. F~rberis aristata 2.0 
6. B. asiatica 11.5 
1. Centella asiatica 0.75 
8. Gaultheri& fragrantissima 46.0 
9. Lycopodium clavatum 0.65 

10. Phyllanthus parvifolius 0.5 
11. Pinus roxburghii 15.65 
12. Potentilla fulgens 0.9 



- 98 -

Table 9 

Ovrrnll qu~.nt.it.y of uonicim\l herb~ nnd c~sentinl oi}!: fror.t all 

the previous reports combined. 

Plant :tpccies 

}. Abies spectabilis 

?. Acorns cala.mus 

3. Adhatoda va~icn 

4. A1:ave umeri cana 

'). i'l.t>:r:ratum ccinyzoidc5 

h. Alnu!:; nepalensi!: 

7. l\.:!larnn t.hnn i:; pi n·:;r-u:-: 

'). A. inrlica 

10. A. :;iever:;ian:i 

1,. Azadirachta inrlica 

13· l~e.rbcri~i ari5t::.t.a 

14. B. a~iBtica 

15. :J. w:i.11 ichii:i.na 

Hi. ·~crr:fmia cil int."\ 

17. ~etula ut.ilin 

1.8. Bocn11in;jlauseni11 aJ :-iflora 

19· Butea minor 

:w. Galot.ropis gimntea 

:?l. Cal tha pBl u~ t.ri n 

;?2. Cannabis sntiv::i 

~3· Gnntlia nophora 

7.•l • C. tora 

I>'.:>· GcJruo rlc,,dara 

Qu:m ti ty ( ton} 

117.0)J (E. oil) 

e.95 
'13.73'1 

2."j') 

4-1.l 

o. )li_l 

l 71. •_, 

4.8';fl 

o.1n 
(.,. ... , 
_lo • .Jr 

'.> 3 • ..iO'i 
J0.5 

7.575 

fl37-7'; 
0.8 

5.05 
. • "7 
I • :J 

\). 011 1
) 

,'l.~3') 

l 'J•4·. 

l ., • 60'J 

b.6.L (r;. oil) 



Table 9 continued 

Plant species 

26. Centella asiatica 

'?."{. Chenopodium album 

~~}. D:?.tura stra.-:ionium 
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29. nioscorea bulbifera 

30. D. deltoiriea 

31. Dryopteri~ ~p. 

3::1. Erhedra r-:erarcliSltl:t 

33. E. intennerli~ 

34. Filipenrtula v~~tita 

-~7. c;entimrn rrol:·.ta 

30. Girarrlinia o:i];1:lt:i. 

39. H~dera n~pnlPn~i~ 

40. Iii !'POphae rh."UT1?1oir!c3 

41. Ipomoe:t aq11atica 

4.·. .rnt.rcphn curcn~ 

.r::;;. .~ 1.1 ::l a.n:: re;:i a 

1i4. Juni ~1£'ru:; inclic:i 

4). J. recurva 

46. J,ycoporliurn clavn.tm1 

1i f. :J::t.honia nqmulcn~:ir. 

tltJ. f.;allot.ut'l philippcn::r. 

4'). 1::tl VI\ vertici] la ta 

)0. r.:cn Lhn. lonr:ifolia 

'.,>1. 11 nrdos t.achyn 1:rancH fJ ora 

'.,>?. Parin polyphy1Jn 

~,-~. Pnrnas:;ja nuldcoln. 

~·4. l'h,v l J t\n t.h11n r.m bl j en 

'..>'..>· p. pnrvifolius 

Quan ti t.y (ton) 

18. 73 

0.0~> 

~-'"· 3~5 

l ., . •. 

l '.•. . ·•' 

0.3 
) • 'J}l_\ 

0.1 

.'!\').~'> 

/l).) 

). l) 

4.00.i 

1.41 
0.21 

1-355 

l.O 

).) 

o.J'j 
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Table ') r.on t inuefl 

~6. 

57. 

5!J. 

59. 
60. 

61. 

b 
.•• -. 
t)}. 

64. 

6'). 

66. 

67-

6.-J. 

6'). 

70. 
11. 

1;. 

13. 

"ltl. 
., .) . 
76. 

77. 

713. 

79. 
no. 
tJl. 

Pl:Ult species 

Pi era smi thi:l.na 

l'inus roxhur;:hii 

r. wallichin.na 

Plant~ m:i..jor 

Podophyllum hex.:indrum 

Foly;.onum ;;;olle 

l'opu hrn c i I i a tn. 

}'o ten Li 11 a fu l 1;en:: 

;!hodorlcncirt:n an t.ilop·~·r:,:n 

H. b<'..rbatum 

~. ca.rnpauul ::i t.11ra 

H. :;ericea 

!;1111ia 1:1an;ji t.h 

Rnrne:x nepnl en:~ in 

~;alix babylonicn 

SRlvin moorcr.oftiana 

~ai·l~UCUG hookeri i 

Ski mmi a l n.u:rcol a 

~iolnnum acu]Pati!:uimum 

s. xant.,.oi:arpum 

!jwertia chirR;ri I.a 

'i'araxnc-111:1 off i c i na l r. 

'T'1:.--.l i c I.rum l' o l io J ('1:;11111 

tlua!ttit.y (tun) 

2a.35 (E. oil) 

57 .4n5 (E. oil) 

121.405 (F.. oil) 

;>,~.435 

0.55 

l').7 

/0.1 

l-1 :·q .1 ;,· 

,_ ')O. tJ 

3u·;. ~,._, 

.:·~·.o 

(J.1h') 

10. 33"> 

0.1; 

A}. 33'.> 

2. :'4 

I). tJ 

u. ') 

1l • ') 

3.')') 

J. l :~1) 

l. fl'• 

I ) • ,) 'J ) 



Talale 9 continued 

J'l:mt SPP.cies 

05. Thymus serphyllwn 

66. 'l'ussil~\gt) farf ara 

07. Urtica dioicn 

68. Valeriana hardwickii 

a9. lfaleriana jat:um.nd 

~O. Verba~cum th:i~~u!; 

91. Vi humum cotinifo] ium 

9.1
• v. erube!':cen!: 

93. l.~ntho:xylum nr:'lntum 

~14. 6izyphus P1!iU!"'it.i:u1n 
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Quantity (ton) 

3.73 

1.7'; 

~·4 .} 

u.4 
(:. ~'J 

r1.Jl'> 

... lU .. - ,• 

10.6;· 

0.1 
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20 .2 Sma!ART 

1. A quanti ta.live estimation of hnrvest.:ible quantities of 9'1 

economic:illJ' importnnt merlicinal and aromat.ic plants in p.tr1.s 

of 19 districts represcnLing 7 sones of the country along the 

route shown in Table 1 has been carried out usinr, quadrant 

method durin~ the period 19:1'1-B:J. This work of economic 

mappin& of m.~dicin'il. and aromatic pl:l.nt!! has b~en presen~ed 

in 7 report!';. The total harveslahl'? quantity of crude :1edicinlll 

herbs and c!1:-ential oil:; alonr. t.he route fol lawed n.:-e e::;·~inm.ted 

Lo be 445j.J75 ton and 3 ••_}.n:J t.cm rc~:p'?Ct.ivP.Jy {1'~hlP. 'J). 

2. Amon~ t.he stnriiP.rl are:is, .Tu11la re1:ton ;ippl?.nr~ to he rich in the 

,:onife:-om; populal.ion <llld Th,ymur. ;,:crphyllnm, Acorus c:i.l~u.::_, 

J!hcUlll au!llrnle, Dio~~~ r.~J l.oiden ."uHt i'ri_!!r;~ •1!.ili_:: 

{Table 2. &: 3J· Dh•.Jr;i:1:.-in n~r,ion ha:: a 1:.u.>ri p•;p·;j.,thm 'Jr 
Ahies ::pectabilir., fin•i;. \\"::dUd1i:in:t, 2iur.ccre?.. bulbifP.ra, 

Ju11iperun in.Ji•.:!: :mrl ~·frR G"r'Lr,!i:ui:1. \'l'=.hlt? 4 & )). 

The Lo.n;,t.an1:-1;on1.ikuncfa rP.1-.ion w; ... s founrl ·.o bf· r.tcn in ;lb1r.: 

GJ!ectabiii~ and Jti.:ip•?r'J:> recurva 1:opulntion (Table 6). IJolpa 

rer,ion ir. rich in BphP.rlra. int.P..n:1crlia, ahe~ ~~l~, 

Podophyllnm hP.xarinru'! a.nd CQnifl?r!' like Allier. 5pP.ct.:i.bil i!"., 

Picea ~111i:.hi:m'1, Finur. roxt>urftdi :mrl rinm: wn.llichi"ln:>.. 

(Tnhlc 7). 

3. The r11.in-~hadow and compa.rntivcly lcnn fertile rc;~ionr.- of t.hr. 

prP.aent otucty area, nuch ar. the northern part of Tio l pa 

rli~trict provide N1ole opnort.unily to riiverL th~ locnl 

inhabit,qnts Lownrdn cult.ivnt.inr: import.Mt m-:!.ticin:il p)n.ntr. 

like Rht?um nur:l.r·!'\l~, rlnrtto::t.:i~hy:1 rr:i.n1\iflnr11 :u1rl 

J'o•lophyl lnm ht?znnrl nrni ln l.l1t? hnrrr.n J :-indn, ::11 i t.r.•I t.o I.hr 

loc~l elio~Lic condition~ nnrl a.J~o h:ivinR incr~nnerl export. 

roLfmt.inl i t.:t• 



- 105 -

20.3 kh'<:Offf.U-ltDATJOtlS 

1. l'efore colleclion of liledicin:U and aromatic pl:int~, the aren 

should ne map!ted. This can be done h:y the Department of 

llcdicinal Pl31lts and lhe finriinr;:; should be handed over t.o 

to the concerned District Forest Controller Offices. 

2. '!'he economic F-:ippHtg activity should be conducLed at least 

twice in each locality in different seR.c;ons in order to obtain 

data on m:i.Jli.1111111 n11111t:er of econor.iically useful nprcies. 

3. The tir.partmr.nt. of ;.IP.•!ir.in~l flanl:-: ::houlri ?"f'1;ulnrly arr:u11~1? 

r.hort - term trainin.i:, rror.r:u;i"ler. for the r"orP.nt Offic•~r:; nf ~l l 

1ii::lrictn. They ~h·l11ld br. tr~inerl ret;•Lrrlinr. the conlrollerl 

and planned harve:;t of differ"!r.t medicinal herb:;, anri t.hc.ir 

4. -:·he Dep~rtir.cnt ::f :!,.rfic:!n·l) i'hUl1.~ shou!rl pro·:iriP. vnrirm:; 

infoJ"!Ol:'llion on ~.cchniqur.~ of collcct.jon of riiffcrrnt mP.rficin~l 

hP.rba, their pro9'!r dryinr. and nt.or.nr.P. 1.-:-chnique:; to the 

ni~t.rict Fore:;t. Controller Offices. 

5. CJll ec lion o!' 1nedicinal hr.rbr; r.hould be pcrmi t. t.ed by the 

llist.rict Forer.t ~on troll er Officer. Md t.he pcrmi:;!:ion ~hou] a be 

based upon the a•1ailable plant reftource of the areis. 

6. The DP.pn.rtair.nt of lrted icinn.l l'J :int.A or LhP. llerb:.J Prorlur.ti11n :i.nrl 

Proct'nnin,r; Gompany can provi~~ :it lear.t. on~~ r'1rt:it>I1• t.ypP. of 

c:illt.illat.ion unit r:o that. considr?r:ihle uiountc oJ' leaf-I.op:: 

from the stnndin."; conifP.r~ and nlr;o 1.hc wt;ol~ lr.af-lop:; frn1.1 

the treer. cut down for f'Or.tt' othor ruroo1:e cnn lir. 11!·r.1t to citt.rnr.t 

:.::e cr.r.l"n Lj nl oil al onF: "i lh I.ht' Ct>!': 1./hf'nr.fi t. r:'I t. i 'l :·:.ml_.,. :ir wr 11. 
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7. l\r:t:~ed upon t.he findin1-:s of cconoriiic m·i.p;tinr., introrfuct.ion of 

u~eful plant.r. in ~he po~:;jblc lc•C:tJit.iP.s ~i1c1uJrf he encour:t1:ed. 

In this concern, ~nharir,~on ~d Tntop~ni rer.io"~ of Juala 

district. ap!'e:ir :.uitnble for Lhe cultiv:;.t~on "f Crocu~ !::alivns. 

6. The local pe:ople 9hould be µr.Jvidi:d t:i t.h the prir-t:~ry knowlectr-e 

about the i•~rtant •edicin:tl ht.:rki r,roy;in!: in their :.urroundinr::; 

so t.hat. no valun.ble medicinal pl~i"!t. be der:t.roicrl due t.o t.heir 

iF,11or:mce. 

'). At t.e1;1pt.~ ~'houl~ i·C r~·T('lr!'lrtleri t.O':f:>.rr!!: ::r:i.ri•:!"".] J:: rt>pl:?ci nr ;J1e 

export. of c:r1dc n':.'~ ii::'in:'\l h-:?rtw l:)- t.hr : ?"·:·c-·~:-:!:crl \Jr :·r-:1 i

;,r..:r.•~:<:·e<t Pr<.•ri11c t.:'. 
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4. Perspective 

1. The project is in an area of scientific. socio-cultural and 

health sector importance and has the potential of contributing 

to the economic and industrial de~elop111ent of Nepal. and is thus of 
great relevance. 

2. The project was initiated to strengthen the R & D capability 

in Nepal for processing and utilization of plant products and 

to make better use of its Ayurvedic Drugs. 

3. in the long run it is only through developmet.t of R & D 

strength and establishing a self-reliant base of technology 

that a country can become self-reliant. 

4. The Royal Drugs Research Laboratory occupies a key position 

in the field of drugs and pharmaceuticals and plant product3 

research in Nepal. It is the only laboratory which was esta

blished for and ha3 the capability to do this integrated P & D 

work covering a number of desciplines. It has played an im

portant institutional building role. Jt helped to establish 

the Royal Drugs Ltd. in 1971. the main pharmaceutical industry 

unit in Nepal. It helped to formulate the Drug Administration 

establish•!d in 1979. It helped to establish the modern herb 

processing factory The Herbs Production and Processing Co. Ltd 

in 1980. HDRL has close links with these and other institutions 

connected with research on plants and their utilisation and 

thus is the focal institution for P. & D in this area. 

s. 1•hrough this UNIDO project NEP/80/003 there is now establish
eds 

good infrastructure of equipment & essential facilities; 

staff has been t1ained in the modern methodology and 

techniques of most or the coqnate desciplines. which ha~ 

been supplemented by the inputs of the experts in some of 
the crucial areas by hands-on-the-job experiMlCP. in H>PJ,; 

... I . .. 
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vith project. based functioning of R & D progrannes • 
a scientific management structure has been created vhich is 

conducbre to better outputs in multidesciplinary applied 

research: 

inter-institutional links have been established with some 

organisations likely to utilize the R & D outputs of RDl'L 

in the form Of Joint CO-ordination Co ... ittees. 
6. The major equipment of the Pilot Plant at Godavari. though a 

nucleus of it existed as a part of RDRL or Thapathali. has been 

established primarily by the support provided by this project. 

It is nov L:, .. installed. The expert•~ inputs have been very 

valuable in ' operationalisation of the Equipment. As is 
pointed out in the report of the expert appended vith this 

report (Annex 4) some desi~ deficiencies have been noted due 

to which some equipments will need modifications alterations to 

make it oprational. ThouQh this equipment was supplied at the 

instance of J!DRL order and also accepted by them. but a reputed 

company like Tournaire should advise the Labs in developinq 

countries like Nepal better. and supply equipment which is 

truly multipurpose and flexible in operation.It is suggested tr~~= 

(a) UNIDO should point this out to TournairE, and use its good 

offices to make them agree to modify the equipml?nt as necessary 

to make it operational. failin9 which the modifications will be 

done in Kathmandu but this will need additional funds approx. 
US $ 10,000.00. (b) In futu1e when equipment of this maqnitude and 

cost is imported in the contract of supply there should be a 

cl~uze for on the spot inspection by the host l~boratory scientists. 

(c) Kathmandu has good equipment fabrication facility, and RC'-'L 

should have considered gettin9 some of the equipment such as 

percolators locally fabricated, which would Qive valuable e.xpericnc~ 

to local fabricators and saved ROHL some money • 

. . . I . .. 
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Nothwithstanding what has been said above the equipment that is 
in operation provides a unique pilot plant facility in Nepal, 
and is amongst the best available any where in this part of the 
world. It would be useful to establish suitable mechanisms for 
various types of sponsored research projects so that optimal 
use is made of this excellent facility and the equipment is kept 
fully used and occupied. 

7. Thus as a result of the inputs provided by UHIOO is the project 
the basic infra-structure and organisation have been cr~ated in 
RalL (& the pilot plant) to achieve the objectives set for the 

proj-~ct. The proj1:.?ct has the right perspecti '-·<:? and the progra11111es 
are moving in the right direction, and some hard outputs as 
indicated in the body of the report are already visible. And 
if the momentum could be maintained, more outputs will follow. 

Thr main challenge is how this direction and moment1Jm should be 

maintained, and ":h?re is role both of the lJIJIUO and I-MG' s/RDRL 

in this. 

8. UNIOO must ensure that all the gains made through its investm~nt 
of funds and the time and the effort of the experts are consolid~ted 
and get ervneshed fully into an t.1biding structure, and lead to 
the establishment of a self-reliant technology b~se. For UtUUO 

to withdraw suddenly when the present proj~ct comes to an end in 
the end of July will create a vacuum particularly in thf? Pilot 
plant Laboratory which has been made operational just recently. 
The bigger problem is the lack of funds from normal Govt. channels 
due to financial cuts, financial stringency and freezing of posts. 
UNIDO will thus have to think of some alternative to meet this 
situation and to provide support to the project on a continuing 
though gradually diminishing basis. One way and perhaps the ideal 
are would be to continue the project for 2 years more for sr 

very spP.cified projects/components. In th~ form of a Phasing-out 

... / ... 
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Grant, of about. $ 125000 and $ 100,000 for soine essential 

cbeai.cals, spare parts, and equipment and lllilny selective study 

tours or conference deputation. The main point is that continuing 

support for a fev more years is necessary to consolidate the gains 

of the project inputs. It takes time to build up scientific tradi

tions and culture in an institution, particularly in d~veloping 

countries, and nov when the aovement of the project in the right 
directions is taking place it is best to help to consolidate it. 

9. For RDRL, it is most important that its scientific staff must 

develop self-confidence that: "we can do it"; that: "nobody from 

outside can come and do the job for us,: we are ourselves competent 
to do the job well". To this there is no short except to go thr· 
hard way of hard and patient work. The senior staff must provide 

the leadership for this. 'fhis will create the self-reliant outlook 
which is most essential for the laboratory's output. This is the 

challenqe which RDl·:L has to meet. The sci en ti fie staff of RDRL 

is cor.petent by any standard but needs to develop the self-confi

dence. They must also be accountable an~ ansurable for the con
fidence repos~d in them. The phasing-out period will be for l-'.DP.J .. ' s 

staff to show its mettle and strenqth. 

10. HM; must step up its support for the laboratory nov that f.JNIDO' !:; 

support is cominq to an e1d, so that the laboratory can maintain 
its dimension of activit! and even expand to serve its objectives 
even better.Some of the facilities created at RDRL this project 

are e:xtremly valuable for Nepal. These include the Animal House 

and Instrumentation Section (and Glass Blowing Section when it is 

fully operational). Many other laboratories in Nepal, would need 

these facilities;. These facilities are not easy to ~~plicate. Jt is 

suggested that with further support these faciliti~s should in 
enlarged to serve as National Facilities. users t-onunittees may in 

formed to work out the structure and mode of operations if these 
sections to serve as National facilities. 

. .. I . .. 
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11. Research Advisor of Conaittee. It is suggested that for 
evaluating the scientific vork of the inst..itute Research 

Advisory eo .. ittee should be formed. vith experts drawn from 
lhiversity. Medica1 Co1lege & Industry & other user agencies 

vho should review and n>nitor the work of the Institute. advise 
vhich projects should be continued. and those which have not 
made goc,d progress should be dropped. and also suggest nev 

projects. FUnding would get related to the projects and will 

introduce accountability for the scientists. World experience has 
shown that. periodic External review is aost necessary for the 

scientific institutes to brinq in fresh ideas. remove bias and 

vested interest in research projects. 
12. Inputs needed 

The Pilot Plant Laboratory vtll need additiona1 staff to fun

ction efficiently and to be able to gE!'lerate the 111Uch needed 

process design & engineering data.It should have the following 
additional staff immediately: 

1. Chemical Engineers •••••••••••••••••••••••••••••••• 2 

2. Analytical Chemist for Process Control Lab •••••••••• 1 

3. Boiler Asstt. trained •••••.•••••••••.•••••••.•••• } 
13. The Drug Qua1ity Control Analysis service provided by this 

RDRL has ·been very valuable for the Department of Drug Adminis
tration. The analysis carried out so far include only the 

conventional pharmacopeal test of dissolution, disintegration 

etc. Many products nov require bioavailabi1ity studies. F r~her 

no.w that local pharmaceutical industry units are being establi-
shed it is important to demonstrate the equivalance (including 
bioequivalence) of products of local industry with the imported 

products. This vill create confidence in the products of local 
industry. These tests of bioavailability and bioequivalance will 

require upgrading of the Drug Anslysis capability. It is suggested 
that Dr. P.H. Adhikary ,. .chW.,. Royal Drug Rese'1rch Lab. be deputed to 

a period of 3 weeks to United Kingdom & SVeden to make a special 
study of this Government and Private Industry Drug control 

Laboratories to know the latest de"elopments in the field or 

... / ... 
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Bioequivalance and Bioavailable studies. and help to upgrade 
the Drug Analysis Laboratory at RDRL to include these analysis. 
This name is suggested in consultation vith '>r. s.B. Malla. 

As the drug analysis services are becoming n:>re and more 
specialised. the cost of these services is going up. Although 

so far RmL has been providing these services without any 
charge to the DDA. it is suggested that a suitable charge 

should be levied for these services to DDA. vho COl!ld in tum 

charge the industry or chemists vho samples are analysed and 

tested. 

14. The freeing of all fresh appointments and nev posts. inter

departmental transfers irrespective of descipline speciali

sation have also adversly affected the project execution. 
Drug development does need a minimal viable staff component to 
be able to cover all the stages of drug development from 
isolation of the product, pharmacological evaluation to develop
ing suitable pharmeceutical formulation; preclinical toxicity, 
and human safety studies. With the freeze on new posts it was 

not possible to have staff who could be trained in some of the 

specialised pharmacological and preclinical toxicology testing 
tecmiques. which has left a o~p in the capability building in new 
drug d~velopment proaranne. It is suggested that at least four 

more scientists vith an equal number of technicians should be 
added in the Biology Divisjon, vith at least one of them being 

a Phathologist, and only ~hen it will be possible to carry out 

any meaningful pharmacological and toxicological evaluation of 

the products. As it is there are ~Any jobs to be done and very 
few staff. In the long r\D'1 it would also be useful to create & 

group in fermentation.te;..:hnology as this area is of much relevance 
in the context of Nepars industrial development. A note hiqh
lighting the importance of this area for Nepal & the facility 
already available at RDRL is given as Annex 7. 

15. The lack of funds has affected the library very adversely. 
Library in any institution is its nerve centre and must get 
the core periodicals and annual publicatinns. Although HOPI.. 

has a reasonably good collect.ion of old books and journals, 

but due to lack of funds it is g~tting practically no current 

... / ... 
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periodicals except abst. list and very few Annual Heviews, 
Monographs or books. The long terms effects of this depletion 

of funds to the Library will be catastrophic for the laboratory 

scientific staff when they do not know rwhat is happening in 

science in other countries. A National Library Exchange for 

Science Libraries may be evolved by which the institutions 

can share and exchange scientific journals and books; to begin 

with a catalog of all the journals available and currently 
subscribed to by the various scie:ice institutions in Kathmandu 

may be prepared. 

16. One of the best ways to ensure prompt utilisation of R & D 

outputs of a research laboratory is to encourage sponsored 

research for the user agencies. In the present climate of 

dwindling budgets and financial stringencies sponsored research 

can also provide the nruch needed additional funds. However, in 
Nepal according to existing financial rules any funds received 
from outside agencies ~o to general Govt. revenue and can not 

be used by the laboratory even if the laboratory has to spend 

extra funds to carryout the sponsored research. This does not 

proviQe any incentive fo1· the laboratory or the scientists to do 

the extra work. There is need to reexamine the rules, and to 

make a provision so that: (a) the funds earned by the laboratory 

by doing sponsored research and providing special services 
should be retained by the laboratoryJ (b) the money earned by 

the laboratory as consultation fee or as royalty from nev 

processes or products developed should be shared by the Govt., 

the laboratory and the scientists responsible for the work. 

This point was discussed at length in the TPR meeting held on 
June 16, 1987, and the Chairman &. Secretary, Ministry of r:orest 

& soil conservation agreed to the principle of the laboratory 

being allowed to keep at least a part of the fWlds earned. 

A concrete proposal in this regards was submitted to HMG in 

October 1967. This case should be seriously taken up and applied 

in the H & o institution for creating confidence in the scientific 
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conmunity & to generate se1f-confidenca in the scientists 

which will help in strengthening of RDRL. 

17. Another factor which often de1ays the speedy imp1ementation 
of the project schedu1e is the need for HK;' s separate per

mission for each component of the programme though the overall 

programme is already accepted in princip.le by UNIDO & HK> as 

both are signatories to the Project. There shouJ.d be no need 

to obtain HID• s fresh sanction for each component so far as 

the.::-e is no deviation from the project document and it should 

be left entirely to the Project Manager (or Management) to 

execute the progranune in all its details. 
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Ill'• i.'\dicator r1d1.1ater and dust 
•X'traction unit (3 p1mc~t•l and 
ac:ceasories. 
~s. L.1' wbortechnilc ~bil + Co.:<O, 
~chlcoppelveg 101, D-C!)CO Kill, 
ICrODshqen, Faa. 
(Atta: Mr. IC. ::ichllUt) • 

Plaza1ta1"7 Stir:-iAg, !<ntadi.'\.; and 
lw'hblc!.oi1 :iachi.-ie, ~1ctr3 :\api:t 
tn=• lf.~ 60 11i th an i.-iti.-iteel;r 
•aioiable •P••d ~ear f3r ~any 
•~••da and electric ~o~or thre•• 
phaa1 current J!0/220 •olta, 
SO Cycles, 1 bovl 3cra;er, cable 
and plq. 
~s. ~. Herbat +Co., 
l>J'tkhotatr .. a1 7, Paattach 100 
639, 4040 Yeuaa, m. 

9,550 

(5) 

~61,;~!+ 

17',~I. 

d1 

l:qui;ment r .. ei••d but aot 
pro\'i~ed with acce1aori1e, 
so the ~ix1A1 taak retur.i1d 
to vendor tor repl•c1t11at 
itl!Tel""Je qtyl ODI llllit • 

Oooda deli•ered to ~RI. iA 
1ood coadiU011. 

l:qui;:mlfnt rtOlhed ill IOOd 
co~ditioa and del!•ered to 
:w:u.. 

:!:q~i;:meat itli••r•d to :l!l:U. 
in iood co~ditioa. 

. .; .. 

.... 
N 
~ 



(1) 

~ .. 

·~ - . 

•."': ... 

!.~. 

C:I" .. -· 

(2) 

15-0-t1,32 

,,.;;.:;:1!eO 

~~lo. 
001!7e 

15...?-::icaoe 

no :fo. 
001m 

()) 

Tablet llardAesa ~••t•r - !\to 
Tabltt !"ri:rialator • One 
':'al:,.•t rr..:riality and I:rpoct 
T1sci::1 Appara-:~• • °"'• 
:>isua•asraU01a l'Hting l".ach!.:11 - 0111. 
~/S. ~•ka Apparatebau G:lb~ •• 
?.:. 3ox - 12.5J, Ottoatraaa• ~C-2.~ 
~o,5., ;:11.1atnat.m, :':Kl. 

Nori•~•~ic· ~~o M ':\lb• ~i!!i.i~ ani 
C:.oai:lg ~.ac!\ine '.tit!\ 1q1.1i;:r.i•n': aa 
~·r attached co?J ot 3ptci:ication 
sh••t ~o, :s/,).A. 
?ov•:r l1&j1pl7 J!/22.C'I, 50 H: ~d 
,so·1, 'o :t:, J ihu•. 
iv~. ~or:!en .\a 
3ox - ~"''' s - ,9, ~S Ka!=a.r, 
Swed•~ (At~~: !'Ir. L. tj\11\a). 

?lectroaic Co::111oa1ata. 
ivs. India ~dio \ Zl.ectronica 
::O.,,oratioa. 
1)-14, lazai 31.liljizac, ;irathn~a 
.'.:.aaj, 3c~ba7 • l+CO JC4, :.~dia. 

3iolo~ical lesear:h Apparatus. 
ivs. coo J...i::.J:, 'lial• ~. 3or;h:!., "'' 
2~02' Co~erio - 1ar1a1, Ital7. 

Tec~.no Hist0111et1r ~ Tec!\Do Coe~'• 
Po!• ·:li:bi~I les~~DS• Ajlp&rat~ 
vi~h acc1:sori1s. 
~/l. ~· :ec!'lllo ~tctronics, 
!.i!ba~!\, Luck:aov • 22:cc1, India. 

(;.) 

,,795 

r.3,1!).; 

'.'?5 

l ::.:. . ,,, 

, ',:., 

(') 

175,3,9 

ZZ0,~25 

220, ~,, 

229,~5:. 

2JQ,5C9 

l.S) 

r.qlU.Fll•At recei••d pa.rtl1 
iA ,ood cqditi.cna ud 
delivered to ~;u.. lleat 
or th• ac:ceaaori•• qt11 ' 
ooa. oot 1•t rtcei•td .. 
per P.O., cable alrtady 
Hnt to :!~. requtati.ng 
..u~p11 ot th• abo•• itr.:ia 
tro• vtodor. 

f.qui~••n~ r1c1i••d la 
pd coatitioa acd 
deli••rtd to :ulitL. 

CJooda r•c•i••d ia ~od 
conditioa ud d1liv1r1d 
to l:X' .. qt71 tot. 

f.quipaeot r•c•i••' ia 
saod co1aditio1 lad 
~•~i••r•d to iU>::U.. 
qt71 ~ 1oa. 

f.quip1111t 1ti1l awaitU11 
tro• the 11.1pp~~'~ 

../ .. 

.... 
N 
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Sl. ~. P.o. !lo. 

;:-;z. 1,_?-C:1C6o 
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s~~. " 

~c. " 

'>1. " 

·.:.a.. ~ 

;,;. " 

Description/Jui!;i!.i'r .Woll.'lc i:I iJ~i -

31~t !uner, CiW1•t:r,:e, ::ai:ced gu 
fe•d, vith S ~~t•r:~a.:::geable jets 
L+? ::o. 1cS/2PS. 
w.:i. ~30~:~m: :A:tb:-! + co. :.:a 
~ich.~op~•l~•r 10~ 
D-.?300 Kiel-Kror:shagq, no. 

3last ~"':'!er ·dth thru stopcocl<• 
!o:- G&.1/.\ir/Oieygen r..r :~o. 1C') ?SL. 

:!and torch, vi.th t~ree ~tc~cocks 
!or &aa + OX"/g1n vith ~ozziea ot 
;iif!'erent sius L+? :1o. i:.1 PSI.-.\. 

Car~on Clats, s~~cial ~•ttrial si:e 
czco;cso:csm 
Size i, - cco :c ;o :c 10 :::. 

Car~oa 3oda, ~on porua, (10 ?C3) 
si:e 5 :c )CO :n 
Dto., 3 :c )CO =i ( 10 ;:cs). 

For-ceps, :s:>•c!al!:r :!es:,~.,d ~o '"'orlc 
i~ glass blovi~~ !1~0':~ :50 .-:::i 
!:'to. , Lenir;h )CO :in. 

~c.>ri.":3 ':ool, ~•c!e o! "'ood :1:i..~dl11 
:>to.• oa !lea17 !lase .,i :h rot4ting 
disc. 

Flaslc holders, vith steel java 
lig~t weight tor tlasks 1CO ::al. 
Dto., tor tlasks SO ~l 
Dto., !or flasks Z50 ~l 
:>to., r,r flasks 5CO ~l 
:>t~., for tlasks 1 1 
!>t:o., !~~ tl1sks.? 1 
:tQ., !~r !!a3ks; 1 

iemuu 

!'.qui;:ment deli••red to 
~Rt 1n ,ood ccaditioa. 
't:f I 1 DOo 

:!:qui~aeiat deli•ered to 
llD:.J. !:a ,ood coiad i tioa. 
qtys .1 ao. . 

!:qui;:aieat deli•ertd to 
::m:u. ill 1ood ooaditioa. 
~t71 1 IOo 

!quip. deli•tred to :1%>?.L 
t:s ,ood co11dition. • · 
~ty1 Z noa. 

~Ui?• deli•ertd to ~:U. 
il'l so,d cunditioa. 
qtys l no1. " 

Zquip. deli?tred ~o ::miC.t 
!.:i good condltioa. 
~t11 4 aoa. 

:!:qui?• deli?ertd ~o lmRL 
ill 1ood ccnditioa. 
qt71 2 11oa. 

?quio. delivered ~o ZIDRL 
i:s 1ood coaditioa. 
qt71 7 DOI• 

•• 1 •• 

.... 
N 
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I 



l>escriptioa/Sup~lier 31. :'fo. P.O. ~. --:-~~~~--~--~~~~~--~----~--~~--~--~~--~----------------------~ 

-· ~-··· 

5;. 

~:·. 

-1:: .. ... 

15·7-~1060 

II 

II 

.. 

Gllsa cutti:1r :ac~.i:ie, el•ctric 
drivers, to cut 1lasa tubinl by 
usi:iir di:L'llond cuttin11 . .,r.eel.J o ! 
3CO :Ill dia. Com~lete vi~h co~l:!.:J 
·.•ater .supply :·,r CoM•ction 4:0 ':he 
vater ~aizas. ,eo v, 3-ph. 

Glass !loving L.the,tor shappi."ll st. 
Joi."l':s, stop ~ocka, f'la."lges, bulba 
ecc. 2 ;taw :!ouble check '/ shai:ebed, 
toola stock etc,eltCo ::IOt,:' Z~O '/•t 
.\.:. 50 ;fa 1-oh. 
1 set ot necessa.r-1 accessory !or 
above ~ontioned !.at~•. cons1stir.1 
ot: 
- k'y-o~e~1t1d th.r•e•jav chuc~ 
• a~d. exttnaion ot jaws 
- cla.~pir.~ U."li~. 

GlaH IJrudi:lg !~chine, tor 
1ri:i:ii."li stopcoclca, s,., joir.ts 
na:iiea etc .... 1 ~h 3 Ja..,·.:huc:<, 
:!ea'l'7 o:onst:'\lction ::iotor, ;co 'I, 
!•p!':~H. ; a-poteda, clock ·.o1i:le a:i:i 
ant~clock..,he llotion ·~1 =h re7er:Je 
:;:edal svi'!ch. 
Acc1saoriea Grinding Disc £or 
llrir.di:liJ f11nges etc. Z...T llo. 
?'.32a/'7t64/1160 • 

!Sraas shapera,tor shapi:g st. Joints 
sto:;:cocks, etc. aize '3-?. 
::to., aize 3-10 
:>to., ai::e 3-14 
:>to., si::e 3-19 
~o., si~e 3-24 
!:;to., si;e 3-C:9 
:>t;.,., size >;:. 

ktou.., t i:1 t1S S Rltaul<• 

Gla•• o~tti:a1 wheel• reoeived 
iA br,ke~ conditi01a. Other 
eq~i;::n•nt deli•ered to ~iU. 
in good condition. 
qt71 1 ao. with acceaaorie1. 

I.t~e facilitated produatnr 
di!~erent tr,i•• of IJ'Ouad 
joints and atop cocks double 
h11dtd not ,rovided tor 
other pur,oae•• L.tne; 
qt1. '"e wait wit~ other 
acce11cri1a ~eliTtrtd to Rl:>R!. 
1., good condition. 
~t71 1 ~o. ~it~ 1cce1sorica. 

aia ... 0,.1Adln1 Kachi:ie 11ot 
pro•1id1d ·"1th th.rte Jaw Chuck.a 
J7at1• and si"iadiA1 ::>t.aa to.r 
~urtace irindinc. :!:q:.&i;nent 
and other acc•••ori•• 
deli'f1:01cl to :m;u. in pod 
coazdi tioD. 
qt::,tl 1 110. 

~uipatnt deliTtreci to !U)RL 
iA rood 0011ditioa. 
qi:r: 36 1101. 

.. / .. 

-~ a-
l 
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P.O. ?lo. 

15-7-C:1060 
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Description/Supplitr 

• J., 3ize 3-40 
~o. , 3i::e 3-:+5 

Cru:ii=ilf Cones ~~le a:vi ::'e~ale, 
~houl:i have ac:ur~:e ~"lg!~ ~: 

1/10 ~e~r~•. si::e ?. 
:to., .ti:e 10 
=:t~., size ~4 
~o., size 19 
:>to., si:e 24 
:>to., 3ize 29 
:>to. , .ii::e 31+ 
Oto., si:e 40 
i>to., size i.5 

Grindi:lg pow~er !o:- p-i."ldi."ll!; 
st., joi..,~s, ~••h 120 
:>to., :aesn ieo 
:>to., :11esn 320 
Al teniatively: 
!>to., :ieen 3CO 
I>to., :i:esn i.co 

ulass strain !i:lcer Co~ deteCt:.:l~ 
strai:ls in 'Jlus 3lowi:; ·~or!(. 
220 vol~s, 50 c/s, .ting!e ph~j• 
:fo. 90/05. 

Total Amount:-

-'mou..,: in ::si 

20,287 

Remark• 

!:qui;:meiit :ieli'llred to 
l:>:U. i:i JOOd coiidit~on. 
·:otal qt;,: '6 nos. 

Za.ui~~ent delivere4 to 
:l:~ ~, 'ood conditioa, 
Total ~t7: 54 nos. 

!.quirment deli••r•d to 
~.!:~L i.:s ~ood condi~ion. 
qt;r:Z5noe. 

!.aui:me:it deli·11red ~o 
?.I);u_"i.:i SCO:i COD~i~~OD• 
qt::,r: 1 no. 

Aa per tr.IIllO P.O. No. 
15·?-Z1C60 issued oa 
1? S.ptembu• 1c;8?. 
(Ti•U ~q. :ro. ~6/7) • 

. . / .. 

IV ....., 
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SJ.. :lo. P.J. ::o. 
(Z) 

?; •. 15-2-lt061t9 

'.'4. " 

?!. " 

?'l. " 

.,-; .. " 

.,.~ 

" .. 
?9.· .. 
?o. " 

:1.· " 

Pilot Plant ::r.ufr'll•'!!~ 

Descri~tioa/~u~olier 
r (3J . • 

P9rcolatioa uni: accorii~g to 
.sche!:le. 
:vs. ·!':>ur:iaire J • .;. 
B.?. 4 Plan ~e :lra3se 
06333 :ir:.iase 
France • .\t::i: J.;!. ~iocci. 

!-stage ~ixtr-set:l•r ac:,r1i~a 
to tlov sheet C3 ~54. 

Concen:r:.ition un:.'!s :m~tr 
vacuum tn:• 50":'. 

~traction :mH, ~;r,:• so:chht, 
ac.::ordin.1 to .JC~ff.lt ~2·,.~. 

Filtrstion 'L'lit, '!j1't ltiJ, 
accor~i.,g ~o scheme 12~. 

Fi!t:-:itiois .r.oup, accor-tir.~ to 
sc~eme .ZC:t i-'9. 

Primar-J e•aporati'n unit. 

Ver3atile extraction ?lant 
tn:• l"tc?!). 

t\oiit tor extraction ot pine 
tree reau. 

Total amount !'or 9 i tear a:-

.Wolf.+; ill :JSl. 

390,:00 

=~:1::.i .. , '·' 'lt ~v;c.3 

Datt 3tttltd 
(') 

15/7/~J 

II 

II 

It 

II 

II 

" 
II 

II· 

~i)k• 

!:qui~me~t received L,d 
dtlivtrtd to ~AL ill 
good :on di tioa. 
qt7: one ·.iait. 

" ,, 

l:qui;aeat rtctiTtd and 
dtlivtrtd to aDaL i:s 
roo:t condition. 
qt1r 2 aita. 

Zqui~•,nt rtctiTtd and 
~tlivtrtd to ~DRL i:s 
sood :onditiois. 
qt:r: 0111 unit. 

" " 

If' " 

It " 
II It 

" II 

!'ht total &111ount illcludts 
J 20,cco trtigr.t cnarr••· 

.. / .. 

.... 
N 
-D 



(1) (2) (}) ( !+) 

~, ,,_~-::0265 Vacu1111 ?wnp ~od7 
Equi;=tnt •Xll•ct•d 11a Mid ~ .. 7•es 

·-· WS. Tounairto 
qt;fl .>:It UA:f.to 

3.P. 4 PlllD dt ~rass• 
00;;'3 ~ust 
?ranee. 
Att:i: !'Ir. J .:·1. Chiocci. 

33. " 0.orgb ~!Ulath:t ·1&in 
II II 

~or '/acu\llll Pl=p. 

.,. ti ICleb Val.,H ::~ ~O ..... (4 1/2" - 2 ;/4"- 2 1") 
qty1 3 no•• 

.. 
-:: II Sarco 3P :.22 3te.. :'rsp•. 

qt71 :. :ioa • 

·~· 
.... 

~~. " ~nded '/al•tes (2:0/4" - !•XVZ") 
qt71 6 noa. 

w 
0 

Total .. oUAt !''r 5 iteHl• ~ ,5,, 
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Equte-ent/•pare part• of PT-IR for RDRL under proc••• of procurement 

Sl. No. 

13 

E.P.s. No. 

001580 

Description 

FT-IR major spareparts 
with accessories 

Amount in US$ 

9,173 
Remarks 

Order placed on 9 May 
1988 to M/S. 
Nicolet Analytical Division 
Madison, WI-53711, 
USA, Confirmation 
from the supplier is 
awaiting. 

... ...,, 
N 
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~!!!! Trained 

!~nir.g alreadI fulfilled 

1. 

2. 

3. 

4. 

5. 

6. 

Mr. D.D. 
Bhattarai 

Mrs. Muna 

Rajbanshi 

Mr. P.M. 

Shatya 

l~. M.P. 
Amatya 

Mr. C.P. 
Neupane 

Mr. L.K. 

Vaidya 

Field Duration 

Drug Analysis 6 months 

• • •• 12 months 

Microbiological 6 months 
Ass-ay 

Bioassay 6 months 

Drug Analysis 6 months 

Drug Analysis 6 months 

7. Mrs. Kamala Microbiological 12 months 
Rijal 

a. Mr. s.K.G • Bioassay 6 months 
.Joshi 

9. Mrs. Harl Devi Instrumental 4 months 
Shrestha 

10. Mr. N.P. 
Shrest.ha 

11. Mrs. Pama 
Prajapati 

12. Mrs. Sumitra 
Vaidya 

13. Dr. L.R. 
Sh.1~ma 

Methods of 
Analysis 

Training in 6 months 
unit operation 
in the extraction 
of medicinal plants 

Training in 

Phytochemistry 

•• 

Training in 
Economic mappiflt) 

6 months 

3 months 

6 months 

Annex 2 

Institute 

Central Drug Lab.• 
Calcutta. 

Govt. Analytical Lilb. • 

Bolllbay. 

Hindustan Antibiotics. 
Poona. 

Haff kine Institute. 
Bombay. 

Central Drug Lah •• 

Calcutta. 

•• 

IDPL, Rishikesh Centra. 
Drug Lah. Calcutta. 

National Control Lab. 

for b_.,;,logicals, 
Bangkok. 

National University 
of Singapore. 

U.K., France, F.R.G., 
India. 

University of Sydney. 

, , , ' 

Italy. 
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S.No 1 Candidate Field Duration Institute 

14. Mr. e.e. Farm Management 3 months India 

Basukala 

15. Mr. O.P. Maintenance of 6 months India 

Shrestha Pilot Plant 
Equipment 

16. Mr. B. Das Training in 6 months U.K. 

Synthetic 
Chemistry 

17. Mrs. Madhavi Practical Trai~ 4 months F.R.G. 

Shrestha ing on analysis 

(Deceased) of Pharmaceuticals 
& Crude drugs 

18. Mr. A.K. Training in Glass 6 months India 

Pandey Blowing for repc.sir 
& fabrication of 
lab. glass apparatus 

19. f.\rs. Rauila Training in 15 months U.K. 

Joshi Synthetic 
Chemistry 

2!~~I-I~urs/~~!~~!!-~~~~e!~ 

S.NQ. £!!!!!~!! Field Q!!!:!!!.~!! Institute -- --- ---------
1. Dr. S.R. Asian Chemical 6 days Singapore. 

Adhikary Conf ercnce of 
workshop on micro-
computers in lab. 
automation 

2. Mr. A.O. Pilot Plant 1 month Italy, France, 

Shrestha Equipment Austria, f.R.G., 

Management 1 ni::tia. 



S.No. --
3. 

4. 

5. 

1. 

1. 
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£!!!didate Field Duration -- ----
Dr. S.B. Manufacture of 6 weeks 
Rajbhandary drugs based on 

medicinal plants 
& essential oils 
processing 

Dr. P.M (Juality Control 3 weeks 
Adhikary aspects of drugs 

Dr. S.R. Quality Control 1i month 

Adhikary aspects of drugs 

§~I~r to be £~!!?let~ 

Dr. S.B. IAall&-Research Develop- 1 month 
ment aspects of 
Medicinal Plants 
based drugs 

~!!5!er Trai nig~ 

f.tr. Y.H 

Su kl a 
Terpenoid 
Chemistry 

Duration -------
6 months 

lnsti tute 

Bulgeria, Hungary, 
China. 

Netherlands, 
F .R.G., Japan. 

Norway, U.K., 

F.R.G. 

Australia, S. Korea, 
Thailand. 

Institute 

Maltichem, Baroda, 
India. 
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Under_Pro!:ess f 2!_!raining 

s.No. £!!!dida!~ Field Duration Institute -- --
1. Mr. A.K. Toxicology/ 3 months India. 

Agrawal Phi:rmacology 

2. Mr. A.N. Pharmacological 3 months India. 

Poudel Screening 

3. Mr. N.R. Drug Formulation 3 months China. 

.Joshi 

4. Or. K.R. Pine rosin 4 weeks tndia, Australia. 

Amat ya Chemistry 

5. Dr. Timila Ergot 4 weeks Hungary. 

Shrestha alkaloids 

6. Dr. A. Centella 4 weeks France. 

Rajbhandari Asiaticoside 
glycosides 

7. Mrs. Bimala Technical 4 weeks India. 

Pradhan Planning and 
Evaluation 

8. Mr. R.R. Process 3 months Japan. 

Prasad Technology 
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Annex - 3 • 

Agenc1 Personnel ( Expf'rts) ( Status as at 31/5/88) 

Sl. No. Name of Incumb:int Por.t DP.~cription .'\rri v:il Dr.?p~rturc 

1. Hr. John G. CTA/Produr. t ion Aue ,,,g2 Feb 19:-;'4 
Kererfith ( U.K.) Tcchn'llor:i:;t. 

?.. Dr. ~T .P. Villfanr. Ph:lmar.ol or;i::t. Dre 19r.2 Nov 19~3 
( U.K.) 

3. Dr. Jnn K:trl:;cn An:tlyt.ic:1l .Tnn 1<l"3 .Jnn 1n~l1 
(Norwny) Chr.mir.t. 

'~- Mr:;. M.M. Corde:; Hicre>biolor,i!'t. ,J;tn i·:-i::3 Jul 1'):-,3 
( llollnn rf ) 

5- Hr. W •• T. rlr.Tiocck Fconnni~t/A:":~oci~tr. H:lr 1~·~2 F"!b 1n~~3 

(Bdciu:rr) i:J.nrrt. 

6. r-tr. F. !'i;m:ihcrr; Cr.>n:":ul ! ·int in Apr 1')8? 1::1~, 1nr.;-
(3wenen) P•1:1 n:wc~logy. 

" 
,, 

.'.".cp 1r:"""' . . '· O:t 1'»r ;> 

7. Dr. o. Jlojer l~xp~·rt in lbr 1'};-.1, Jul 1'_;~.:> 
( Ruri:in in ) J;conn'.!lic M:1rrdnr;. 

s. Dr. R.C. f.ri111:il Phnnn:-icolnr,i:;t. J.L.,r 1':':{7 .: . .,y 1')P.7 
C Inri:! > 

9. Hr. S.Y.. !;uri t;.xp-:rt in J;:in 1988 M.'ly 1C)f.?. 
(Intfi:..) Jnr.tr11""1•·n t 

Jfaint~n:incc 

10. Hr. V..B. NAr;ir.himha Procr:-;:-; J:in 198~ Jun 1')PF, 
(India) Technolor,ist. 

11. Hr. W.D. Henry Ex pr rt in Gl:l:;r. Jun 1')8~ Jul 1<)~1-: 
(!.iri LPnka) Blowing. 
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Annex - 4. 

The Status and Prospect of 

RDRL Pilot Plant Laboratory at Godavary 

H.B. NARASIMHA 

UNDP/UNIDO Expert in Process Technology 

Introduction 

Status 

UNIP/UNIDO has created an excellent infrastructure base for 

conducting basic and applied researvh at ROHL. Thapathali and 

Godavary vide Project: DP/NEP/89/003. entitled "Strengthening 
the Royal Drug Research Laboratory". a constituent of the Depart

ment of Medicinal Plants, HPC of Nepal. vith a view to exploit 

the rich and varied flora. indigenous to Nepal. 

A pilot plant section has been created at Godavary, with the 

following equipment to enable it to successfully develop, demons

trate and transfer, technologies in the industrial utilization of 
medicina~ and aromatic plants: 

1. 

2. 

3. 
4. 
5. 

Versatile Extraction Unit a capacity 250 Lit rs 

Sohxlet Extractor: Capacity 500 L 
Percolator: Capacity 300 L 
Thcee-Stage Mixer-settler type Liquid-Liquid 
Vacuum concentrators/Distillation Stills 

a. Capacity: 
b. Capacity: 

c. Capacity: 

500 L Without Stirrer 
300 L With Stirrer 

100 L With Stirrer 

Extractor 

... I . .. 
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6. Reactor (Hastealloy) Capacity: 250 L 
7. Distillation Still With Stirrer: Capacity 1000 L. 
8. Pressure Leaf Filter 

9. Uotary Vacuum Filter 

10. Spray Drier 

11. Haaner Hill 
12. Jav crusher 

13. Steam Boiler: Capacities 1500 kg/hr from and at 100°c, 
Oil fired-automatic 

All the items. except, item nos. 10 to 13 have been supplied 
Ws. Tournaire, France.-

In addition to these units, the following equipments ins

talled at the premises or ROHL at Thapathali prior ·~the conun~n

cement or the Project arc als~ available: 

1. Stainless steel essential oil distillation unit: Capacity:2000 L 

2. 1:1ass-lined reactor with sti rrr-r: Capacity: 100 t. 

J. stainless steel reactor with stirrer: Capacity: 250 L 

4. Electrically heated distillation unit: Capacity: 200 L 

s. Stainless steel basket centrifuge 

6. Shelf drier: 24 aluminium trays 

7. Disintegrater 

8. Steam.boiler-oil fired, automatic cap~city 300 kg/hr 

from and at 100°c. 

With these combined facilities and the infrastructure base 

built within the scope of the project at RDRL, R & D work for the 

development of process technologies for the production or natural 
products is in full swing. 

. .. / ... 
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Shortcomings 

However, some shortcomings as enumerated below, have been 

noticed in some of the Wlits at Godavary: 

1. Versatile Extraction Unit: 

No arrangements exists for refluxing, part of the condensate 

into the packed colunn, which is very necessary for the recti

fication of dilute recovered ethanol, thus, restricting the use 

of this unit for extractions with water immiscible solvents on1y. 

2. Percolator has not been provided with a system for the 

recovery of residual solvent from the mare, thus limiting its 

use with aqueous solvents only. 

3. Three - stage mixer settler type liquid - liquid extractor 

is incomplete and inoperable in absence of pumping arrangements, 

to pump.miscella and raffinate streames to the distillation stills 

for the recovery of solvents and extracts. 

Suitable action has been initiated to effect modifications 

to these Wlits, as also minor modifications of the following units 

to make their use more flexible and broad based. 

l. Two vacuum concentrators of 300 L and 100 L capacities fitted 

with stirrers, are planned to be converted to act as reactors in 

addition to their use as vacuum concentrators with minor modifi

cations. 

. .. I . ... 
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2. Soxhlet Extractor: 

This unit takes about 10 - 15 hours per batch. To cut down 

the batch time and also with a viev to extend its function as a 

percolator the pipeline conections are planned to be modified. to 
facilitate circulation of miscel1a. usinq the existing solvent pump. 

Additional Equipment Suggested 

1. vractional distillation unit of the capacity of about 100 L 

per batch. equipped with high efficiency internal packings. reflux 

distributor with electronic timer. vacuum pumps. interconnecting 

pipes and fittings and M.s. structures. Expert in process technology 

can help in its design and getting it fabricated locally. 

2. Multistage centrifugal type liquid - liquid extractor. 

with provision for separation clarification bowls with 

accessories. 

Design & Engineering 

It is suggested that, while developing technologies for the 

industrial utilization of indige.1ous medicinal and aromatic plants. 

simultaneous development of design and engineering expertise and 

suitable infrastructure for fabrication of chemical plant and 

equipment, would not only quicken the process of transfer of 

technologies from pjlot plant level to the user industry, but 

saves valuable time and foreign exchange and hence a compulsive 

need of a developing country like Nepal. 

These activities may be developed, in a phased manner. ln the 

first phase the expertise development may cover basic design of plant 

and equipment and have the plants fabricated in the enqineerino 
workshops in Kathmandu. At a later stage if round necessary, 

Cabricational facilities may be built. 

. ... I . ... 
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Staff 

The present staff of Pilot plant consists o~ f~~r qualified 

Pharmacists. a physical chemist and tvo technicians. Considering 

the nature of developmental work. ~nd suggested augmentation of 

design and engineering facilities. it is an absolute necessity to 

have at least a couple of graduate chemical Enqincers on its rolls. 

Process - Control at Godavary 

Th~ process development and scale up operations are bning 

conducted at Godavary and the samples are beinq sent to Thapathali 

for anal)•sis, very essential for process - control, this arranriemcnt 

is impractical and leading to avoidable delay in the developm~nt of 

technologies. The proposed - Con .. rol laboratory, for which I under

stand the funds were approved in the TPH hf'?ld in iqo6 and t.hr' 

equipmr.nt ordered subsequently, should be established at the ear

liest; without this laboratory it would be difficult to operate the 

pilot plant efficiently. 

Prospects 

With the suqqested modifications to the existin~1 pilot plants, 

shifting of all the pilot plants from H[)(~L premises at Thapathali 

to Godavary. addition of the afore-mentioned equipment and augmcmtation 

or technical staff, the pilot plant facilities at c;odavary would 

form the best possible technical base, to gP.nerate and transfer 

technologies not only in the conwnercial utilisation of a broad 

spectrum of aromatic and medicinal plants or Nepal, but also in the 

process development of synthetic druqs and pharmaceuticals • 

. . . I . .. 
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Gen~ral nemarks 

Applied research as compared to basic research is capital 

intensive, hence prior to undertaking pilot plant studies, the 

resu1ts obtained at bench-scale, should be subjected to indepth 

evaluation, for technical feasibility by competent scientists and 

technologist, upon their recommendations for technical feasibility 

and national priorities, pilot plant studies are to be undertaken 

for in-depth studies to establish not only technical feasi~ility but 

also economic viability of a new process know-how, and to obtain 

sufficient data for scaleingup to industrial operations. 

Suitabl~ melhodolo~y, has to be dev~loped for periodic review, 

course correction, when necessary, proper c~ecks and controls 

during the stage of development. 

A pilot plant section like the one at c.odavary with built-in 

infrastructure to undertake applied research, is P..xpected to .S!iccess

fully develop, demonstrate and transfer tecJnologies and act as a nerve 

centre: 

to generate technically feasible and economically viable 

tecl'u1ologies in the utilisation of natural products. 

to provide R & D facilities to the industry. 

to provide consultancy and advisory servi~es. 

for training and d~velopment of teclTlical manpower • 

. . . I . ... 



- J 44 -

,:or the above services, a lumpswn prr.miunv'charges should be 

colle<..:ted from the user industry. 

A''~r establishing. credibility of the capacity to develop 

knov-hov and competence of its scientific and tecmical personnel 

in successfully transfering the knov-hov in establishing small and 

medium_scale industries. industrial enterpreneurs would come forward 

to SJX>nsor programmes to generate knov-}:ov/technologies. 
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Annex - 5 • 

Joint Coordination committees Meetings h~ld: 

July 1986 - Hay 1968. 

1. Royal Drugs I.td. & Royal Drugs Research Lab. 

July 15, 1906; Sept. 28, 1986: March JO, 19U7; 

1\pril 22, 1908. 

2. Herbs Processing and Production Company Ltd. & 

l?oyal Drugs r~esearch I.ab. July 16. 1986: 

Nov 18, 1986; Jan. 16, 1987; April 5, 1987; 

Sept. 8, 19A7: [)Pc. 4. 19117. 

J. Singh Ourbar Vaidya Khanna [. Royal Drug Research 

Lab. Dec. 23, 1906: March 2, 1987; May ), 1987; 

Jan. 21, 19A8. 
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RD Ltd. & RDRL held on 15 July 1986 

The Meeting vas attetdcd by: 

a. Dr. H.D. Tuladhar - co-ordinator 

b. or. S.B. Malla 

c. Dr. s.n. Rajbhandari 

d. Dr. P.H. J\dhikil ri 

e. Hr • .I\. o. Shrestha 

f. Dr. S.R. Joshi 

g. Dr. Nitya J\nand - UNIDO Consultant 

Discussions vere held on the aqenda prepared by HD Ltd. 

and the following points were decided to undertake: 

1. RDRL will provide 100 samples of Antirheumatic 
ointment for test marketing after completing the 

fests for stability. p:1ysical characteristics. 

dispersibility etc. 

ii. It was decided to formul~te Rauwolfia tablets 
in total alkaloids in terms of 0.1 rng • of 

peserpine. 
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iii. To decide about the fornulation of Triphala tablets in the 

nPxt meeting after studying its conswnption. 

iv. To Wtdertake for11a1lation of Centella asiatica in the form 

of cream or powder and study its feasibility. 

v. It vas decided to foratlate different products based on 

the proposed Essential Drug List of the WHO. 

vi. RDRL vill provide samples of eight different formulated 

products to RD Ltd. for market study. 

Minutes or the Co-ordination Committee meetings 

HPPCL and RDRL held on 16 July 1986 

Thr. meeting was attended by: 

a. Dr. =.;.e. Nalla 

b. Dr· S.B. P.ajbhandari 

c. Dr. P.H. Adhikari 

d. Dr. S.R. Adhikari 

e. Mr. A. o. Shrestha 

c. Dr. B.C. Gulati 

g. Dr. A· Sheak 

Discussions ,,;ere held on the agenda prepared by HrPCL and 

following points were decided to tmdertake: 

a. Authentic specimen of Sugandha Kokila will be collected 
for identification purpose. 

b. Artemesia - It was requested by HPPCL to provid~ infor

mation regarding the number or sps. found in Nepal. 

They also requested for a herbarium specimen after proper 

identification. HPPCL will provide information regarding 

the Artemasia sps. which have international demand. 

c. P.DRL will evaluate the oil from J•.aniper berry obtained rrom 

tlPPCL. 

d. Economic survey and mapping will be conducted by Dept. of 

... I . .. 



- 148 -

Hedicina1 Plants on CinnamonJm • Xanthoxylum and abbies sps. 

e. CUltivation practice of CinnamollRllll. Osmanthus and Tagetes 
mi.notar will be studied by the Dept. of Hedicina1 Plants. 

f. It vas requested by HPPCL for handing over of the tecmology 

for extraction of 1-dopa from Hucona sp. 

g. It vas a1so discussed to vork out a suitable mechanism 
for handing over of the developed technologies from 

RDRL to HPPCL. 

RDRL and RD Ltd. held on 28 September 1906 

The meeting was attanded by: 

}. Dr. H.D. Tuladhar - Co-ordinator 

2. Dr. s.e. Halla 

J. or. P.H. Adhikari 

4. Hr. A. D. Shrestha 
s. or. S.R. Joshi. 

Discussions were held on the agenda prepared by RD Ltd. and 

the folloving points vere decided to undertake: 

i. The Triphala tablets after formulation vas fo\Dld to be 
very hygroscopic so it was decided to discontinue formulation 

of this product. 

ii. It vas decided to form a Tecmical Formulation Conunittee 
consisting of the folloving members: 

1. Hr. N.R. Joshi 

2. Hr. B.B. Thapa 

3. Hr. T.R. Shakya 

4. Hr. R.B. Tuladhar 

s. Dr. S.R. Joshi 

6. Hr. 1\. D. Shrestha - co-ordinator 

. ... / .... 
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This conni.ttee will be mainly responsible for selection of 

nev formulations and reconnend this to the Medical Connittee of 
the RD Ltd. 

iii. It was decided to name the Balm p1eparation as. 
Rhino Balm and provide details to HD Ltd. for formulation 
purpose. 

HPPCL and RDRL held on 10 November 1986 

The meeting vas attended by: 

1. Dr. s.a. Malla 
2. Dr. s.a. Rajbhandar.i 
3. Dr. B.C. Gulati 
4. Dr. P.H. Adhikari 
5. Or. S.R. Adhikari 
6. Hr. U.R. Poudel 
7. Or. A. Sheak. 

Discussions were held on the agenda prepared by HPPCL and 
the following points were decided to undertake: 

i. It was decided that introduction of new plant samples 

in cultivation will be taken by both HPPCL and RDRL while 

HPPCL vill lay emphasis on market assessment of the oil 

or extracts: DMP & RDRL on:the other band will perform agro 

techlological experiments, post harvest treatments and 

quality assessment of the products. 

ii. The items like Basil, Tagetus, Mentha piperate, Hentha 
citrata, Hentha spicata, Citronella were decided to be 

extended for introduction and cultivation to the farmers • 

. . . . . / ..... . 
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iii. It was decided to continue R & D vork by RDRL on Juniper 
leaf oil, Acorus. =alamus oil. 

iv. Development work for production of superior quality of 

Rosin by Pilot Plant section, RDRL is sought by HPPCL on 

Rosin & Terpentine sample supplied by them. 

v. Joint process development progranne on Dioscrea and fat 
from SUgandha Kokila was discussed. Need for further 

collaborative work on them vas emphasised. 

vi. A joint progranne for extraction of tree moss vas 

decided to be discussed in detail by the respective 

task force group. 

SDVK & RDRL held on 23 December 1986 

The meeting was attended by: 

} . Dr. R.P. Mishra 
2. Dr. S.B. Malla 

3. Dr. S.B. Rajbhandari 

4. Dr. S.R. Adhikary 

s. Dr. R.B. Sahu 

6. Mr. u. Thakur - co-ordinator 

Discussions were held on the agenda prepared by SDVK and the 

following points were decided to undertake: 

i. Quality control of Mrit-Sanjibani Sura by R.DRL by 

estimating alcohol content. 

ii. SDVK will provide details about availability demands etc. 
to RDRL for preparation of a Project for processing of 

Shilajeet. 

iii. SOVK will provide technical know-how to RDP.L regarding 
formulation Chyawonpras. 

. ... I . ... 
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HPPCL & RDRL held on 18 January 1987 

The meeting was attended by: 

}. Dr. S.B. Hal1a 

2. Dr. P.H. Adhikary 

3. or. e.c. 1;ulati 

4. Dr. A· Sheak. 

Discussions were held on the agenda prepared by HPPCL and 
the following points were decided to be W'ldertaken: 

i. Artemesis sps. - Dept. of Medicinal Plants will conduct 

techno-economic survey of the available sps. of this 

plant for commercial utilization. 

ii. RDRL will perform chemical assessment and characterization 

of oils from Juniper leaf, Rhododendron citosum, Abies 

leaf oil. 

iii. Pilot P.lant Section, ROOI.. vill handover the technology 

on the production of improved quality of Rosin & Turpen

tine for production trial at the HPPCL Tamagadhi Wlit. 
iv. Belladonna extract and total alkaloids:- This preparation 

prepared by RDRL was found to detioriate on storage. It 

was therefore suggested by HPPCL to study the factor 

responsible for this so that method for production of the 

stable extract is evolved. 

v. R & D work on the needs containing high percentagP. of 

fixed oil/fats was suggested to be undertaken by Dept. 

of Medicinal Plants for economic production. 

vi. A suitable solvent system was suggested to be developed 

by RDl:L for extraction of Tree moss with good quality 

product. 

. ... / ..... 
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SDVK & RDRL held on 2 March 1987 

The meeting was attended by: 

1. or. S.B. Malla 
2. Dr. R.P. Mishra 
°l -· or. S.B. Rajbhandari 

4. Dr. P.H. Adhikary 

s. Dr. S.R. Adhikary 

6. Dr. R.B. Sahu 

7. Hr. U. Thakur Co-ordinator 

Discussions were held on the agenda prepared by HPPCL and 

the following points were decided to \Uldertaken: 

i. It was decided to formulate a project proposal on 

Shilajeet keeping in view of the present production 
scale of the SDVK, market demand at present and projected 

demand till 2000 A.O. 

ii. SDVK will provide samples of Mirta - Sanjibani Sura and 

the plants materials used in ~reparation of Chayvonprash 

to RDRL for quality control and standardization purpose. 

RD Ltd. and RDRL held on 22/4/1988 

The meeting was at tended bys 

}. Dr. s.s. Malla 
2. Dr. H.O. TUladhar - Co-ordinator 

3. or. P.H. Adhikary 

4. Mr. A.O. Shrestha 

s. or. S.R. Joshi 

Discussions were held on the agenda prepared by RD Ltd. and 

.... / ..... 
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the folloving points were decided to undertake: 

a. Shital Liquid Balm - In order to prepare this preparation 

RD Ltd requ2red about 10 litres of Eucalyptus oil and 

25 litres of wintergreen oil. It was suggested that the 

req11ired quality may be distilled from the available 

leaves and supplied to them by RDRL. But. in view of the 

conunercial scale production of this product it was decided 

to procure the required quality of the oil from HPPCL. 

b. Cap~icum ointment - RD Ltd. ....-anted quality control 

results and procedure for this product for vhich JWPL 

is at present working at. 

c. r,s requested by RD Ltd. 1 o:; L will provide samplles of 

Pine oil disinfectant for trial purpose. 

d. HDHL will also provid·~ ;!auwol fia extract tablets after 

standardization in terms of reserpine content. 

e. It was decided to undertake mark~t ieasibility of Turpentine 

li>:"iment by RD I.td. so that few trial samples could be 

formulated by i:Dl.:L. 

HO ltd. & 1:0:-:L held on 30/3/l'Jf>7 

The meeting was attended bys 

1. Dr. s.o. Malla 
2. Dr. M.O. Tuladhar - co-ordinator 

3. Dr. P.M. /\dhikary 

4. Mr. J\. D. Shrestha 

s. Dr. s.1:. Joshi 

. .... I . ... 
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Discu_jions were held on 5 types or formulations which are 
under development in the ROl:L. They are: 

a. Shital Liquid Dalrn - It was decided to lower the percen

tage of l~vender in the formulation. For quality control 

purpose estimation of tot~l oil conduct alone was sugqested. 

b. Antirheumatic ointment - It was decided to perform quality 
control or this product according to BPC 1973. Estimation 

of Capsicin anci total oil content to be done. 

c. fo~mulation of Balm 
It was decidi:!d t.o undertake quality control of th':; 

product. It was also decidPd to name Yeti Balm. 

d. Pine oil disinfccLant - IL w~s drcid0d to compare th~ 

POtency of t.he product with PhP.nyle disinfectant. 

e. C{.•ntella a sia ti ca oinlmrnt. - T t 'W';.1.s de·_: .i.r.Jc~d to l ry 

HPLC method for Pstimation of Ilyco~i.dr;.. 

HD Ltd. staff c>..-pt'f?ssr?d their intr.:n~::;t in those formulation 
and it was dr.?cider1 that lhcy would carry out a market f .. ::;ibili t.y 

survey ;md then revert luck t:o the JCC (,Joint co-ordin<>tion 

Committee). 

iH'?CL f. HDRL held on 5 ,,pril 1~h37 

The meetinq was attended by: 

1 • Dr. s. n. Malla 

2. Dr. B.C. r;ula ti 

J. t•r. P.M. J\dhikary 

4. Dr. :; • R. J\<ihi k;:iry 

s. ~:r • }\. o. Shrestlv.1 

6. Mr. U.R. Paudel 

7. Dr. I\. She;ik - Co - ordin.itor. 

.... I . ... 
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i. Artemesia sps. - An economic survey on the availablf? sps. 

of Artemesia will be carried out by the Dept. of Medicina: 

Plants. The herbarium specimens vill be provided to HPPCL 

for reference purpose in collection. 

ii. The oil samples of Juniper recurva. A.bi es spectabilis and 

Rhododendron anthropogan will be sent to RDRL for proper 

characterization and iJentification of the constituents. 

Similarly, oil of E. Cameldulensis will be sent by the 

Dept. of Medicinal Plants for market investigation. 

iii. Thn Belladonna extract containing 3 % alkaloid was not 

found stable on storaqe so it was sugqested by Jn>PCL to 

either to dry the extract to powder stat:.e or add prop~r 

solvent or preservative for storage. 

iv. It was requested by JWf'CL to provide .lgro-technology of 

Dill and Sali!ia for cultivation purpose. 

v. The fixed oil of Suqandha Kokila is likr~ly to have m~my 

pharmaceutical applications. l t was therefore suq~estr -

by HPPCL for assesHing the dermal toxicity of the oil. 

vi. Improved method of extraction of LichL>n wa 8 Sf".JUqht hy 

lfi'>PCL using proper solvent. 

vii. The distillation method on Acorus calamus oil providr:d 

by RDRL to HPPCL was f0und intere~ting to them as this 

would cconornisQ the production technology of the oil. 

SDVK & RDRL held on 3/5/ 19fi7 

The meeting was attended by: 

1.- or. S.B. Malla 

2. Dr. R.P. Mishra 

3. or. s.a. Rajbhandari 

4. Dr. p. M· J\cihi ka ry 

5. Dr. S.H. J\dhikary 

6. Dr. H, !J • Sahu 

7. Mr • .. 1'hakur - co-ordinator . 

. ... I . .... 
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a. It was decided to solve the problem of filtration of 

Shilajeet at thr Pilot scale by utilizing the modern 

machineries. 

b. or quality control purpose it was suggested to develop 
the method utilizing the authentic Shilajeet. 

HPPCL & RORL held on 8 September 1987 

The meeting was attended by: 

1. or. s.a. ~ella 
2. Dr. B.c. r;ulati 

3. Dr. s.a. Rajbhandary 
4. Dr. P. M. Adhikary 

s. Dr. S.R. Adhikary 

6. Mr. A.O. Shrestha 

7. Mr. U.R. Paudel 

a. Ar~emisia sps. - It was proposed to collect new sps. from 

Mustang & Dolpa for evaluation of the oil. 

b. ,Juniper berries Collection of the ripe berries is 

desirable. As the collection of berries is time con-
suming it will be h<"'tter to purchase them from th<! local 

market. The oil will be sent by HPPCL to RDRL for evaluation. 

c. Xanthoxylum sps. - RDRL will select the high oil containing 
plant from Dang, Rolpa districts and the cuttings of such 

plants will be planted for propagation. HPPCL will help in 
bearing the cost of this opr:-~·;,)tion. 

d. It was reported by HPPCL thv.t the alkaloid content of 
Delladonna soft extract dropped to nearly 50 % within 

three months of storage. It was therefore suggested to P.DHL 

to look into this problem of dcLcriotion • 

. . . . . I . .... 
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e. lt vas suggested to RDRL to extract lichen resioids in 

toluene. Extract having qreenish colour was preferable. 

HPPCL & ROHL held on 4 December 1907 

The meeting vas attended by: 

}. Dr. S.B. Malla 

2. Dr. s. u. R., jbhandary 
J. Dr. u. c. Gulati 
4. or. P.l·I. Adhikary 
s. Dr. s.1-:. ,\dhikary 

6. Mr. J\. o. Shrestha 

7. Mr. U.H. Paudel 

8. Dr. A. Sheak - Co-ordinator 

a. , .. ollov up of the problem in id~"llti fi':iltion of 

Artemesia sps. 

b. It was suggested by HPPCL for containing co-ordination 
with RDRL for work on Acor us Calamus oil. 

c. Transfer of tP.Chnology from 1mHL for processing of herbs 

of export potential like Dioscorea. F:sscmtial oil br>:tl'."ing 
plants etc. 

. .... I . .... 
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RDRL & SDVK held on 21 Janurary 1968 

The 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

meeting was attended by; 

or. s.n. Halla 
Dr. R.P. Mishr-a 
Or. s.a. Rajbhandari 

Or. P.M. Adhikary 

Dr. s.n. Adhikary 

Dr. R.B. Sahu 

Mr. u. Thakur - CO-ordinator 

a. As there are abo~t 300 medicinal plants in the 

proposed Essential Drug list of Ayurveda, it was 

proposed by SDVK for a lonq term co-ordination 

progranune vith the R~'L in quality control and 

standarisation of the plant constituents. 

b. It was also proposed by SDVK !01: a technnlogy on 

large scale procassing of Shilajeet. 
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Annex - 6 (a) 

f~~ulations de~elopcd 

P!!e..~:UE!!! 

Background 

Turpentin~ oil, eucalyptus oil and oil of Wintergreen have been 
in traditional use for rheumatic disorders. As these oils c~n be 
produced in large quantity in Nepal, it was decided to formulate a 

preparation containing these oils for muscular pain rhetmatic disorders. 
This product has also been identified by Royal Drugs Ltd for marketing. 

Use~: For muscular and rheumatic disord~rs. 

Stand~;d: Total Volatile oil content and Methyl sal:cylate content. 

Formula: Each 100 c;m contains 

Procedur'!: 

Stearic acid 
Cetyl alcohol 
Glycerine 
Sodiur1~ Lauryl Sulph::l" .... 
Propyl paraben 
Methyl salicylate 
Eucalyptus oil 
Turpentine oil 
Water (distilled) 

- 9.5 gm 

-11.6 gm 

9.2 gm 
1.2 gm 

- 0.00,l gm 

-13.5 ml 
-2.0 ml 
-1.5 ml 
-46.00 ml 

100 

Mt?l t stearic acid, cetyl alcohol and dissolve propyl paraben 
in it. Mix glycerine, sod. Lauryl sulphate and water and warm to 
75°c. Add glycerine mixture stearic acid mixture stirring continuously. 
Add oil mixture i.e. menthol dissolved in Eucalyptus oil, Turpenti: 
oil and methyl salicylate stirring continuou~ly until it attends 40°c. 
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Cost: 

The raw material cost for 25 gm would be Hs 4.20 

Conclusion; 

Similar preparations are not available in the Nepal market, 

alth~ugh similar preparations are popu!ar in western countries. 
Royal Drugs Ltd. is intending to manufac-ture and mark~t this 

formulation. 

Pine oil disinfectant 

Technological work for d•.?velopment of a process for production 
of pine oil is in progress in a;)RL du~ to abundent availability of 
varicus species of pine trees in ~~pal. Pi~ oil is mostly used as 
a disinfectant, so preparation of a disinfectant f .>rmulation bas0tl 

on pine oil was undertaken. 

Uses: 

Pine oil disinfectant is used as deodorant and disinfectant 
for cleaning sinks, drains, carpet, rugs, WO·"'l. panels, garba·'Je bins 
& floors· etc. Pine oil emulsions ~re non-toxic, non-irritating 

and safe. 

Standardisation: 

(i) Total Pine oil content (Terpineol) 

(ii) Phenol Coefficient Value 

Procedure: 

Pine oil 00 ml 
Rosin Soap - :~O gm. 
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Procedure: 

Dissolve the rosin soap in pine oil and filler. 

Standard of Pine oil -
The specification of pine oil needed for this preparation is as 

follows: 

Dihydro -alpha -terpineol 
and other tertiary alcohols 
Borneo! and fenchyl alcohol 
Estrageole 
Ke tones 

% !! 
65-70).; 

10 

10 

5 
5 

15 

10 

It distilles between 212 and 220c and has sp. gr. 

Problem: 

0.83-0.')4. 

Pine oil containing only 28 % of -Terpincol has been m~de 

available. 

Ror.;" Soap: 

For pilot scale production, a series of soap making machines 
would be needed. 

Cost: 

The raw material cost for 100 ml of prod1Jct would be Rs. 7.60. 

Conclusion: 

Due to the pleasent flavour and effectiveness, this house~old 
disinfectant should have good market., if advertised, hence should be 
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considered for manufacturing. The product could also be modified 
by adding chloroxylenol which enables it to be used for routine 
hospital purposes. Particularly in midwifery and surgery. 

Background 

The abundent availability of turpentine oil, (processed by 
Nepal Rosin and Turpentine Ltd., Ohangadhi) and the high consump
tion of preparation used for rheumatic pains and stiffness demand 

of its production. Furthermore, this is one of the prod1Jcts 
included in the list of medicines supplied ~y the Dept. of Health 

to all the Hospitals, health centres and health posts. 

External! y, turpentine oil is a ruhef acient used for 

rhe•nnatic p:1; ns and stiffness. 

Standard 

This product is included in I.P. and B.P. 1980. 

Preparation 

Turpentine liniment - B.P. 1980 Vol II 683. 

Soft Soap 
Camphor 
Turpentine oil 
Puri fled water 

- 7.5 gm 
5.0 gm 

- 65.0 ml 
- 22.5 ml 
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Procedure 

Triturate the camphor ¥Ii.th the soft soap until thoroughly 
mixed and gradually add the turpentine oil trituating well after 
each addition. Transfer the mix to bottle with the aid of the 
puriiied water and shake thoroughly until a creamy emulsion is 
formed. 

The raw material cost for 100 ml material would be Rs. 2. 85. 

Conclu~!.2.!! 

Due to the availability of the raw material and its economic 
price the product seems to be worth manufacturing. 

~.nticold and antirheumatic oil 

!!.!f. kg round 

Traditionally lll'?ntha oil, eucalyptus vil, Wintergreen oil 
and camphor have been used since long time for the pro~lems of 
cold,he~dache, lumbago sciatica etc. All of these essential oils 
are available in Nepal. Similar preparations are imported in huge 
quantities so this preparation has been undertaken for formul~tion. 

It is useful for rheumatism, Neuralgia, lumbago sciatica, 
colds, headache, toothache, seasickness, vomitting and 
diarrhoea etc. 
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Standardisation 

Total volatile oil content 

formula: Each 100 ml Anticold and antirheumatic oil contains: 

Procedure 

Menthol 
Methyl Salicylate 
Eucalyptus oil 
Camphor 
Light liquid paraffin 

-----

40% w-v 

10% w-v 

15" \'1-V 

10% w-v 

9 .5 t~ 1 00 ml. 

Dissolve menthol and camphor in methyl salicylat~ and 
Eucalyptus oil. Add liquid pararcin to m~ke up the volume. 

The raw material cost for 5 ml material would~ Rs. 1.30 

Conclusion 

Due to its wide application and economic price the 
product is to be manufacturcn. Royal Drugs Ltd. has alr~ady 
decided to manufacture it. 

Anticold and antirheumatic Balm 

Background 

Preparations in the form of balm containing menthol, cc:>r.1rhor, 
peppermint oil and eucalyptus oil, which are produced in Nf?pal 
itself have been imported in lar9e qucJntitiP.s from foreign milrket. 
VJi th a view of import substitution and indt?genous r<Jw materi<Jl 
utilization thi~ product has l~~n considered for formul~tion. 
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It is an excellent pain reliever (anodyne) anti-itching 
remedy for the relief of colds, influnza, rheumatism, gout, 
neuralgia, headache, toothache, mosquitobite and insect 
bites etc. 

Standardisation 

Total volatile oil content. 

Menthol 
Camphor 
Peppermint oil 
Eucalyptus oil 
Clove oil 
Cinnamon oil 
Beeswax 
Carnauba wax 
Vaseline Yellow 

Procedure 

14% w/w 
- 14% w/w 

g;; w/w 
- 10% w/w 
-2.5% w/w 
-2.5% w/w 

14% w/w 
<T-' w/w 

- 26% w/w 

Melt. Bees wax, carnauba wax and veseline. 
Mix essential oil, menthol and camphor uniformly and 

~jd it to the melted wax and mix at 50° c. 

Cost 

The raw material cost for 20 g material would he Rs 4.80. 

Conclusion 

Royal O~ugs Ltd. has accepted to include this product in 
their range of production in near future. 
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Reserpine Tablets 

Background 

Reserpine is an alkaloid obtained from the ro~~s of 
Rauwolfia serpentin~. The plant is being cultivated in commercial 
seal~. Rauivolfia sepentina as well as reserpine is includ~d 
in several pharmacopoeias. Various preparations like powdered 

root (USP), tablets of powdereo roots (USP) { ilPC) dry extract 

(IP) liquid extract (IP) Reserpine elixier (USP) Heserpine 
injection (USP) Reserpine tablets (USP) (UK) are available. 

The preparation are used as a central depressant, sedative and 

as an antihyp~t"tensive agent. So in order to utilize the 
rauwolfia roots the formulation of tablet~ containing reserpine 
or reserpine like alkaloids has heen und~rtaken. 

Rauwolfia alkaloid tablet has centr~l depressent and 
sedative actions and a primary peripht:?ral antihyp~rtensive 
effect accor.ipanied by bradycardia. It is also useful as a 
sedative in ~; .. dety status and chronic psychosis • 

.§.!!.ndardi sa tio n 

Formula: Each tablet contains: 

Rauwolfia total alkaloids 
Lactose 
Starch 
10% Acacia solution 
Dry starch 5% 
Magnesium stearate 
Talc 2% 

2 rnn 

- 185 mg 
- 14 rrg 

1.6 mg 
9 mg 

- 0.9 mg 
- 3.6 mg 
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Procedure: Wet granulation process 

Mix lactose, starch, and Rauwolfia extract uniformly, 
granulate with 10% Acacia solution by passin9 moistened mass 
through 10 No sieve, dry at 60°c and pass the dried granules 
through 20 No Sieve. Lubricate with dry starch, magnesium 
stearate and talc and compress using 5/16 inches die. 

~: 

The raw material cost for 100 tablets would be Rs 2.57. 

Conclusion 

The product seems to be worth manufacturing due to the 
availability of material, its use as an antihypertensive and 
its economic price. 

Capsicum Ointment 

Background 

Capsicum has been used in Ayurvedic system of medicine 
and capsicum and its oleoresin have been included in several 
Pharmacopoeias as a counter irritant lumbago, neuralgia and 
rhematism. The indegeneous pine oil, wintergreen oil, 
turpentine oil and mentha oil which have been used traditionally 
are encorporated to enhance the action. Similar type of 
imported products are being marketed in considerable quantity. 

Useful for relief of muscular pains, strains joint pains, 
pains of Artheritis, lumbago and Bruises~ 
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Standard 

(i) Capsicum oleoresin content 
(ii) Total Volatile oil content 

There is still problem for assaying the copsicum 
oleoresin content. 

Formula 

Pine oil 
Wintergreen oil 
Tur. 'entine oil 
Oleoresin Capsicum 
Mentha oil 
Yellow bees wax 
Yellow soft paraffin 

Procedure 

- 2.8% w/w 
- 4% w/w 
- 8-' w/w 
-1 .6~ w/.v 
-1% w/w 
-10% w/w 
-9.5 to make 100 gm 

Melt Beeswax and soft par~~fin, mix pine oil, wint ·Jreen 
oil, turpentine oil, oleoresin capsicum, raentha oil and add 
it to the melted wax mixture at 30°c mix well. 

The cost of raw material for 1 kg. material would he Rs. 96.80. 

Conclusion 

Due to its wide application, Royal Drugs Ltd. is considering 
for its production~ 
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Preparations have been made but due to analytical prohlems, 
this work is discontinued for the time bein~. 

2. Laxative tablets of Rhubarb 

This product has already been ma~11factured by Royal Drugs Ltd. 

3. Antidiarrhoeal Tablet 

This tablet containing Berberine Hydrochloride, Terminaeia 

Chebula Belladonna has not been accepted. 

4. Antacid and anti ulcerous tabiet 

This preparation conta. ~ing herbal drugs as well as pure 
cher.iicals has not been accepted. 
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Ar.th~lmintic Test (in vitro) 

r1ants tested for anthcl~intic ~ff~ct using in in vitro te~t 

Narr,e 

1 • 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 1 • 

of plants Result 

Melia azadirach slightly effective 

Bu tea monospE:rma not effective 

Mal lotus phillipensis ef fee ti ve 

\"Joodfordia f ··-11c ti co sa not effective 

Embelia ri h!?S not ef f c:?cti ve 

Oroxylum inrJicum not effective 

Curc•Jma zedoaria root slightly ef f 1~:: ti v~ 

Cleome vi sco ~,a whole plant sil9htly eff ccti ve 

Api•Jm graveolons se~ds (>ff er ti vc 

LallC'tus phj l lip•· nsi s fruit h·-iir C'f fee ti vf! 

Chnnopodium album leaf slightly eff~ctive 

Effectiveness was ascertained by comraring th~ cffrct vi~h 

- standard drug, piperazine citrate~ 
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ANTITAPE\10RM TESf 

Name of plants parts ALl150 Dose No of mice Effec 
mg/kg cleared % 

of tapeworm/ 
no. mice used. 

1 • Cr,ntrol 0/4 0 

2~ Cepadessa whole 1000 1000 1119/kg 0/4 0 
bacifera plant single 

3. Anagalis whole 40 40 mg/k4J 
arvensis plant single dose 0/4 0 

4. Colebrookia leilf 400 400 mg/kg 
oppositifoha sinqle dose 0/4 0 

5. Plumeria bark 800 500 mg/kq 0/11 0 
rubra <:i.ngle dose 

6. Elephantopus root 600 400 mg/kg 1/4 25 
scaber singlo. dose 

7. Portulaca whole 1000 1000 mg/k') 0/4 0 
olearacea plant single dose 

a. Sphaera nthu s flower 1ono 1000mg/kg 1/4 25 
pencgalensi s bud single dose 

9. Moringa oleif er~ leaf 1000 1000 mg/kry 0/4 0 

sing!-? dose 

10. Lippia nodif lora whole 1000 1000 mg/~g 0/4 0 
plant single dose 

11 • lmperata whole 1000 1000 mg/kg 0/4 0 
cylindrica plant single dose 
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Name of plants parts used ALO 50 Ho. of mice Effects 

mg/kg cleared % 
tapeworm/no 
of mice used. 

12. Clerodendr"'l leaf 1000 ~00 mg/kg 0 

viscosum single dose 

13. Cepadessa root 1000 ~00 rng/kg 0 

bacif ere bark single dose 

14. Jatropha cureas bark 1000 500 mg/kg 0 

single dose 

15. Salvia plebia whole plant 1000 500 m.J/k'] 0 

single dose 

16. Acacia concinna fruit 50 20 mg/kg 50 

sin')le dose 

17. , , , , , , 50 10 mrJ/kg 33 

Morning & CV('ning 

18. Boenninqhausenia wi1ole plant 7':YJ 500 mCJ/kg 0 

al hi flora single dosi:? 

19. J.,allotus 1 • t fllfJ/k9 1 (10 

phillipensis single dose 

fruit hair. 

20. Thenopodium 500 m9/kg 0 

sin9le dose 

21 • Apiumgraveolms 1 000 •.• g/kg 0 

single dose 

22. l3utcamonospcrn<:1 4~> m9/kg 0 

single dose 

23. Cleomc viscora 500 mg/kg CJ 

5i n0lc do~c 

24. Curcuma zedoaria 1000 m')/kg 0 

si n<1J.c dose 

25. Bauhinia v~riegata 1000 mg/kg () 

si nglc dos.? 



Acute toxicity 

Acute toxic:. ty tt:=;t O!l follm:inc 5pt:cie~ of Aconi tcs. l~c5 of som~ 

spcci•·s ;,re code numbered. 

li<.llllf: of s;,mnlc:"": .\pn. LD50 mr/ki: 

1. .-.. ~;!i '•O 
") ... i:ll:d · 5 

). !~11 1000 

•1. [j·:':n 1oco 

.. 
·'· ,-..~!!., 

'-
1000 

(,. l.. . ;1 r::-.11:;1 375 

{. i.cov. i t. u.n ta~terophyl lurn jUJ 
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Annex - 7. 

A NOTE O.'-: IMPORTANCE OF FERMENTATION TECHNOLcx;Y 

Introduction 

Fermentation technology is concerned with the utilisation of 
microorganisms to produce metabolic intermediates orfinal 
products having irv'hJstrial uses and applications. 

Justifications 
1. The fermentation processes are cheap, fast and efficient, 

require a limited space, energy and rav materials. 

2. Basic raw materials used are sugar, molasses, oil cakes, 

forest and agricultural waste biomass which are available 

in Nepal in abundant quantity. 

J. using these simnle and cheap raw materials a number of 
very useful drugs such as antibiotcs & vitamins, other 

Chemicals can be produced. 

4. Fermentation processes a-~ also used for a number of 

industrial microbiolo~ical conversion processes such as 
those needed for nroduction of steroids. Hence a nf'>ed of 

fermentation technology base to be created in the country 
to subsidise the import of druqs and chemicals. 

5. Fermentation processes will play a major role in emerqing 

biotechnology based industrial ~roduclion. 

use of Fermentation Technology in the context of Nepal. 

1. Establishment of fermentation industries in Nepal will 
help to make the country self-sufficient in life savinG 

drugs and other chemicals. 

2. Fermentation industrl s are socio-economically useful 

for a country· 'ke r•:...;p, ' .• 
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3. Nepal can minimise the international trade defecit by exporting 
the surplus drugs and chemicals, therefore, fermentation 

industries will help the country to boost up the national 

economy by providing the import substitution and side by 

side by exporting surplus products to other COWltries. 

4. Fermentation industries being based upon domestic resources, 

and markets for the products being easily available at the 

national and international level there is little .doubt about 

the usefulness of these industries from the economic point 

of view. 

Laboratory scale fermenter 

A Gallenkamp modular fermenter was used to carry out fermen

tation process in laboratory scale. On trial experiments 

the equipment was found to function satisfactorily. 

Future Progranunes 

- To develop suitable technoloqy in laboratory scale for 

high yielding cum quality production of antibiotics, 

vitamins, steroids, enzymes, amino acids etc. 

- To develop techniques for the production of corticoster

oids from diosgenin in laboratory scale. 

To develop techniques for the production of various 

medicinal products in pilot scale by utilising the 

fermentation tecblology. 

. .. I . .. 
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To search out new basic raw - materials and new products 

in fermentation tecl"U'lology by utilising natural resources 

as well as synthetic and sP.misynthetic materials. 

Team members: 

Dr. P.M. Adhikary - coordinator 

Mr. R.c.M.s. Rajbanshi 

Mrs. Kamala Risal 

Miss. Rohini Shrestha 

Mr. S.K. Adhikary 

Mr. Sunil Kumar !>harma 

Mr. H.B. Narasimha - UNIDO Expert. 
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Annex - 8 • 

Title 

Role of refe~~ce standard in QC. 

Scope for the development of 
essential oil Industry in Nepal • 

Standardization of Shllajeet. 

An introductio11 to Pilot plant 
unit of RDRL. 

Aconites of Nepal. 

Extraction of L-Dopa from 
Mucuna preireta. 

Microbiology past and present. 

Estimation of Vitamins 
(water solublo) by HPLC 

Distillation technique of 
essential oil. 

... 
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Activities of Public analysis 
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Transformation o! Dios9enin to 
steroid hormones. 

Synthetic studies in Lophotoxin. 

Pharmacognositical evaluation 
of herbs and drugs used in 
Ayurvedic medicine. 

Preliminary investigation of 
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A feasibility study on isolation 
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Hypoglycaemic ef fect3 cf some 
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production of Caffeine from 
tea waste. 

Effect of Cepharantine 
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on reco\ery from damage of 
normal cells and cancer 
cells induced by beat. 

Extraction of diosgenin from 
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Annex - 9 • 

List of Publications-

1. Medicinal Plants of Nepal (supplement) 
as Bulletin of the Department of Medicinal Plants No. 

10.1984. 

2. S.R. Adhikary and B.P. Bashyci. Aromatic P.lants of Ne~al 
Part IV: Essentia.l Oii from c;aultheria fragrantissima Wall. 

J. Nep. Pharm. Assoc. 1985. 12. 9-19 

3. S.R. Adhikary and B.B. Thapa: Ultraviolet Spectropmtometric 
Determination of Chloramphenicol and Tetracycline Hydrorhloride 

in Pharmaceutical Preparation. J.Nep. Pharm. Assoc •• 1984 

!!· 29-38. 

4. B.B. Thapa: Pharmacognostical and Chromatographic Studies on 

Adhatoda vasica Nees. J. Nep. Pharm. Assoc •• 1985,12, 21-26. 

5. Asha Karki and S.B. Rajbhandarys Clonal Propogation of 
Crysanthemum cinerariaefolium Vis. (Pyretbrum) through 

Tissue cultures fY.rethrum Post 1984, 15 118-121. 

6. B.P. Acharya: Handling of Chemical Strucutral Information 
by a Computers J. Nep. Pharm. Assoc. 1984, !!• 13-18 

1. P.~ta Basnyat, B.B. Thapa and S.R. Adhikary: Standardisation 
of Shilajee~. Chemistry symposium organised by Nepal 
Chemical society, Kathmandu, April 2, 1~85. 

8. B. B. Thilpa. D.M. Shakya and S.R. Adhikarys High Performance 

Liquid Chromatographic Method of Estimation of Vascicine and 

Vasicinone in Pharmaceutical Preparations. Chemistry Symposium 
organised by Ne:>al Chemical society, Kat1-andu, April 2, 1985. 

9. Flora of Kathmandu Valley as Bulletin of the Department of 

Medicinal Plants No. 11, 1906. 
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10. H.K. Saiju: Genetic resources of Temperate fruits in Nepal. 
Fourteenth International congress. West Beriin. 14th 

July - 1st August 1987. 

11. B.P. Acharya:• Some computer aided teclniques in the 

Interpretation of a complex H-Nh 31>ectra of simple 

organic compounds. .. Chemical symposium organised by Nepal 

Chemical Society. April 13, 1987. 

12. T.K. Rajbhandary and T.H. Shrestha: Anatomical studies on 
some co111111ercially i11tp<>rtant Aconites· of Nepal. J.N.P.A, 1986, 

13, 15-20. 

13. S.R. Adhikary, N.P. Manandhar and L.K. Vaidya: A note on 

availahility. trade practices and quality assessment of the 
fruits of Zanthoxylum alatum. J. N.P.A. 1986, 13, 15-20. 

14. S.R. Adhikary and J. Karlsen: Aromatic Plants of Nepal Part 

VI. G.c. - M.s. analysis of the essential oil of Zanthoxylum 

alatum fruits. J. Nep. Chem. soc., 1987, 5-7, 24-28. 

15. B.P. Acharya: A pr:>granane ·-~' ca1-culate theoreticill H-NMR 
spectra in a personal compter. J. Nep. Chem. soc., 1987, 

5-7, 33-36. 

16. s.a. Halla and s.R. Adhikary Studies on some essential oils 

in Nepals VIII Seminar on .. ,·ragrance and .. 1avour Industry

A Leap into the ruture.• Nev Delhi, January 24 - 25, 1987 • 

. 17. S.R. Adhikarys Cultivation, Processing and Marketing of 

medicinal and aromatic plants of Nepal. SAARC vorkshop on 

cultivation and Processing of Medicinal and aromatic Plants, 

CIMAP, Lucknow, 9-12 r·ebruary 1988. 

10. s.R. Adhikary: some experiences in utilisation of natural 
products. Regional Sympsium on • High Altitude Natural 

Products Chemistry Kathmandu March 17 - 19, 1987. 
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19. Timila Shrestha: Phytochemical evaluation of a trad'tionally 
used Aconite ( Aconitum spicatum Stapt. ) from Nepal 
Himalayas. Regional Symposium on High Altitude Natural 
Products Chemistry Kathmandu, March 17-19, 1987. 

20. Timila Shrestha: Chemical Studies on Aconites of Nepal. 
Third International Symposium and Pakistan - U.S. Binational 
Workshop on Natural Products Chemistry 9 - 14. January 
1988., Karachi, Pakistan. 

21. Karki, A. and S.B. Rajbhandary (1984\. clonal propagation 
of Chrysanthemum cinerariaefolium vis. {Pyrethrum) through 
tissue culture. Pyrethrum Post, 15: 118-21. 

22. Karki, A. and s.B. Hajbhandary, (1984). Regeneration of 
plantlets from leaf culture of Solanum Laciniatum ait 
J.I.S.T. Nepal ( in press). 

23. Manandhar, A. and S.B. Hajhhandary, (1986). Rooting in 
non-sterile potting mix of in vitro pot~to and its field 
establishment. Ind. J. Hort. 43: 235-238. 

24. Suwal, e. A. Karki and S.B. Rajbhandary,(1987). The in 
vitro proliferation of forest trees. 1. Oalbergia sissoo 
roxb ex de. Silvae Genctica, vol 36 ( in press). 

25. Niraula Radha and S.B. Rajbhandary (1987). In vitro 
propagation of Dendrocalamus siric~us and its 
establishment in soil. In: Proceedings of 'Tissue 
Culture of Tropical Plants.• Dhaka, Bangladesh. 

26. Guruns Sanyukta and S.B. Rajbhandary ( 1987). 
Micropropagation of Eucalyptus camaldulensis. 
A fast growing essenti~l oil bearing tAec. in: 
proceedings of 'International Workshop on Tissue 
Culture and Biotechnology of Medicinal and Aromatic 
Plants.' ClMAP, Lucknow, India. 



- 188 -

27. : Rajbhandary, S.B. (1988). In vitro propagation 
of Dalbergia sissoo and its field performance. 
Banko Janakari ( a journal of forestry information 

for Nepal). In press. 

28. Amatya N. and S.B. Raj Bhandary ( 1988). Micropropagation 
of Ficus auriculata lour. In: Proceedings of "Application 
of Bio-technoloqy in fo.&:r. :;try and Horticulture. Tata 
Energy Research Institute. New-Delhi, India. In press. 

29. Manandhar A.,P. Joshi., S. Gurung anci S.B. Rajbhandary 
(1988). Comparative field performance of potato cultivars 
from tis·ue culture. in: Proceedings of 'Regional Seminar 
on Tissu~ Culture'. Ronast, Kathmandu, Nepal. In press. 

30. Nirauls R. and S.B. Rajbhandary (1988). In vitro propagation 
of Citrus root stock. In: Proceedings of 'Regional Seminar 
on Tissue Culture'. RONAST, Kathmandu, Nepal. In press. 

31. Niraula, R.,e. Suwal, s. Gurung and S.B. Rajbhandary(1988). 
Non sterile rootirl'J in tissue culture of tree species, 
Bischofia ;:1vanica , Dalbergia sissoo, E•Jcalyptus camaldu
lensis, Ficus auriculata and Poncirus trifoliata. In : 
Proceedings of 'Regional Seminar on Tissue Culture'. 
RONAST, Kathmandu, Nepal. In press. 

32. Saiju, H.K., S.B. Rajbhandary and S.B~ Malla (1988) • 
Allium fistulosum 1. plants from anther culture. In: Procee-

·. dings of Regional Seminar on Tissue Culture. R~sr, 
Kattvnandu, Nepal. In press. 

33. Shrestha M. and S.B. Rajbhandary (1988). Clonal propagation 
of Cymbidium Hybrid by merist~m culture in : Proceadings of 
' Regional Seminar of Tissue Culture•. RONAST, Kattvnandu, 

Nepal. In press. 
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Paper presented at the National Conference on Science and 
Technology• 24-29 April 1988, prganised by Royal Nepal 
Academy of Science and Technology, Nepal. 

1. Mahesh K. Adhikary: Some higher fungi from Lar.gtanJ 
and its adjoining areas. 

2. Mahe sh K. Adhilcary: The rust fungi from Kathmandu Valley 
and its adjoining areas. 

3. J.\ahesh. K. Adhikary and Vidya !.\ariandhar: Three agarics 
new to Nepal. 

4. Pradeep. M. Adhilcary and Pradha Manandhar: Studies on the 
antidiabetic effects of some indiqenous plants reported 
to be efficacous in the traditional medical system in 
Nepal. 

5. S.R. Adhilcary and B.S. Tuladhar: Essential oil from the 
fruits of Persea species. 

6. S.R. Adhikary, Sarad Amatya and Amriteswori Rajbhandari: 
Phytochemical investigation of Centella asiatica. 

7.· Nirmal K. Bhattarai: Notes on some conwnon home remedies 
of botanical origin in Kattvnandu valley. 

8. Nirmal K. Bhattaral: An ethnobotanical exploration in 
Karnali Zone. 

9. Sushila Bhattarai and S.B. Malla: Karymorphological studies 
on two species of Paphiopedilum ( Orchidaceae). 

10. Sajan Dahal and Pushpa Ratna Shakya: A glimpse of Orchid 
flora of Nepal. 
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11. Vidya Laximi Gurung: Threatened and extinct ferns of Nepal 

Himalqa. 

12. Vidya Laxmi Gurung and Rose Shrestha: A study on ecology 
of Eusporangiate fen~.., of Nepal Himalaya. 

13. Damodar P. Joshi: The -;limate of Tarai and inner tarai of 

Nepal: A bioclimatic analysis. 

14. Lajmina Joshi: Branch wood anatomy of Some Nepalese Ficus. 

15. Lajmina Joshi: Anatomical studies of Myrica esculenta. 

16. R. Joshi: Study on Polygonaceae of Nepal. 

17. S.K. Joshi: Preliminany pharmacological ins~stigation of 
medi~in?l plan~s. 

18. S.B. Malla, S.B. Rajbhandary and H.K. Saiju: In vitro anther 
culture of Allium fistulosum L. 

19. Ambika Manandhar Sanyukta Rajbhandary, Pramila Shrestha, 
and S.B. Rajbhandary: Micropropagation of Potato cCultivars 
and their field performance. 

20. Hadha Niraula and S.D. Rajbhandari: In vitro propagation of 
\" trus. 

21. Neera Pradhan and S.B. Rajbhandary: Micropropagation of 
Brassica Oleracea, var. capitata, through cotyledonary 

culture. 

~;l. ;~era Phadhan: Traditional tannig technique in Nepal. 

23. Tara Keshari Rajbhandri: Pharmacognostical evaluation of 
crude herhs and drugs used in Ayurvedic medicine. 
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24. S.B. Rajbhandary: Plant tissue culture m~thod of propagation 

and its potential. 

25. S.B. Rajbhandary and Meera Shrestha: Meristem culture of 

Cymbidium qigante\BD wall. ex Lind!. 

26. P.M. Sakya: Preliminary Studies on some medicinal plants and 
essentidl oils for antimicrobial activities. 

27. P.R. Shakya, D.M. Bajracharya, H.M. Joshi and T.B. Shrestha: 
Angio~~ermic plants originally described from Nepal. 

28. P.R. Shakya and Krishna Bhakta Maharjan: On the study of the 

Cyperace.~Jt of western Nepal. 

29. P.R. Shakya and N. P andey: On the study of the family 

Gentianaceae in Nepal. 

30. P.R. Shakya: Human influence on nat~ral vegetation in 

eastern Nepal. 

31. Shanti Shakya and P.R. Shakya: A study of pollen morph~logy 
of some plants from Kathmandu valley. 

32. P.R. Shakya, D.M. Bajracharya, R.;.1. Joshi, K.R. Rajbhandary 
and T.B. Shrestha: Endemism in Nepalese flora. 

33. M.N. SubPdi a'ld P.R. Shakya: Above ground biomass ~nd produ
ctivity studies of Quercus semecarpiflora Sm. forest at 

Pulchoki ( Lalitpur district.). 

34. Irv.lira Sharma: Study on tribe Anthemideae ( Compositae) of 

Nepal. 

35. ; .1anda Dev Shrestha: Pharmaceuticals in Heal th Care. 

36. Geeta Shrestha and K.L. Manandhar: The Preliminary studies 

on ~~owth pattern of some fungi. 




